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ROD DATE : June 29, 1990

SITE NAME : ARMY CREEK LANDFILL

LOCATION : NEW CASTLE, DE

NTIS REPORT #: EPA/ROD/R03- 90/091
MEDIA : SURFACE WATER
CONTAMINANTS : IRON

REMEDY :
THIS OPERABLE UNIT IS THE SECOND OF TWO OPERABLE UNITS FOR THE SITE.
THE RECORD OF DECISION FOR THE FIRST OPERABLE UNIT SELECTED A REMEDIAL
ALTERNATIVE FOR SOURCE CONTROL INCLUDING THE INSTALLATION OF A
MULTI-LAYERED LANDFILL CAP AND THE OPERATION OF A RECOVERY WELL NETWORK
DOWNGRADIENT FROM THE SITE TO PREVENT CONTAMINATED GROUNDWATER FROM
MIGRATING TO POTABLE WATER SUPPLY WELLS. THIS SECOND OPERABLE UNIT
ADDRESSES THE NEED TO TREAT THE RECOVERY WELL DISCHARGES PRIOR TO
DISCHARGING TO ARMY CREEK/POND. THE SELECTED REMEDY WILL REDUCE THE
CONCENTRATION OF IRON IN THE EXTRACTED GROUNDWATER TO A LEVEL THAT IS
PROTECTIVE OF THE DESIGNATED USES OF ARMY CREEK. A MONITORING PLAN WILL
BE IMPLEMENTED TO ENSURE CONTINUED COMPLIANCE WITH ALL APPLICABLE
STANDARDS. TOGETHER, THE IMPLEMENTATION OF THE OVERALL REMEDIAL ACTION
STRATEGY SELECTED IN THE FIRST OPERABLE UNIT ROD AND THE SECOND OPERABLE
UNIT ROD WILL PROVIDE A QUALITY OF WATER IN ARMY CREEK/POND THAT IS
PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT. HAZARDOUS SUBSTANCES
WILL REMAIN ON SITE, THEREFORE LONG-TERM MANAGEMENT WILL BE REQUIRED.

THE PRIMARY COMPONENT OF THE SELECTED REMEDY IS THE CONSTRUCTION AND
OPERATION OF A WATER TREATMENT FACILITY THAT IS CAPABLE OF REDUCING THE
CONCENTRATION OF IRON IN GROUNDWATER RECOVERED BY THE RECOVERY WELL
NETWORK PRIOR TO SURFACE DISCHARGE, AMOUNTING TO ABOUT 1.4 MILLION
GALLONS/DAY. THIS REMEDIAL ACTION WILL REQUIRE LONG-TERM MANAGEMENT TO
ASSURE COMPLIANCE.

ABSTRACT :
THE ARMY CREEK LANDFILL SITE, A FORMER SAND AND GRAVEL QUARRY, IS
APPROXIMATELY TWO MILES SOUTHWEST OF NEW CASTLE, DELAWARE. THE SITE
ABUTS ARMY CREEK/POND AND HIGH QUALITY WETLANDS TO THE SOUTH AND EAST
AND LIES ADJACENT TO DELAWARE SAND & GRAVEL LANDFILL, ANOTHER SUPERFUND
SITE. FROM 1960 TO 1968, WHEN THE LANDFILL REACHED CAPACITY AND CLOSED,
THE 44-ACRE MUNICIPAL LANDFILL ACCEPTED APPROXIMATELY 1.9 MILLION CUBIC
YARDS OF MUNICIPAL AND INDUSTRIAL WASTES. GROUND WATER PROBLEMS FIRST
BECAME APPARENT IN 1971 WHEN A RESIDENTIAL WELL DOWNGRADIENT OF THE SITE
DEVELOPED WATER QUALITY PROBLEMS. SINCE 1972, EPA, THE STATE, AND THE
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COUNTY HAVE CONTINUED TO SAMPLE THE GROUND WATER AND HAVE IDENTIFIED
GROUND WATER CONTAMINANTS INDICATIVE OF HAZARDOUS WASTE DISPOSAL. A
CONTAMINANT PLUME HAS ALSO BEEN IDENTIFIED DOWNGRADIENT OF THE LANDFILL.
IN 1973 THE COUNTY INSTALLED RECOVERY WELLS TO INTERCEPT THE CONTAMINANT
PLUME AND TO CREATE A GROUND WATER DIVIDE BETWEEN THE ARMY CREEK
LANDFILL AND NEARBY POTABLE WATER SUPPLY WELLS. A 1986 RECORD OF
DECISION (ROD) PROVIDED FOR CAPPING OF THE LANDFILL AND FOR THE
CONTINUED OPERATION OF THE RECOVERY WELL NETWORK TO MAINTAIN THE GROUND
WATER DIVIDE. THE EXTRACTED GROUND WATER CURRENTLY DISCHARGED INTO ARMY
CREEK POND UNTREATED. THIS ROD, THE SECOND OF TWO OPERABLE UNITS,
ADDRESSES THE NEED TO TREAT THE RECOVERED GROUND WATER PRIOR TO ONSITE
DISCHARGE INTO ARMY CREEK/POND. THE PRIMARY CONTAMINANT OF CONCERN WITH
RESPECT TO THE IMPACT OF DISCHARGE TO SURFACE WATER IS IRON.

THE SELECTED REMEDIAL ACTION FOR THIS SITE INCLUDES GROUND WATER
PUMPING USING THE RECOVERY WELL NETWORK AND TREATMENT USING A MODIFIED
CONVENTIONAL PRECIPITATION WATER TREATMENT PLANT WHICH INVOLVES
AERATION, PRECIPITATION, SEDIMENTATION, AND FILTRATION FOLLOWED BY
ONSITE DISCHARGE OF THE EFFLUENT TO ARMY CREEK/POND; SAMPLING AND
DISPOSAL OF SLUDGE GENERATED DURING THE TREATMENT PROCESS; AND
MONITORING OF THE SEDIMENT, RECOVERED GROUND WATER, SURFACE WATER, AND
WETLANDS. THE ESTIMATED PRESENT WORTH COST FOR THIS REMEDIAL ACTION IS
$4,900,000 WHICH INCLUDES AN ANNUAL O&M COST OF $294,000.

PERFORMANCE STANDARDS OR GOALS: THE RECOVERED GROUND WATER WILL MEET
STATE WATER QUALITY CRITERIA PRIOR TO ONSITE DISCHARGE INTO ARMY
CREEK/POND. CHEMICAL-SPECIFIC GOALS INCLUDE IRON 1,000 UG/L.

RECORD OF DECISION
ARMY CREEK LANDFILL

OPERABLE UNIT #2

DECLARATION

SITE : ARMY CREEK LANDFILL SITE OPERABLE UNIT #2 NEW CASTLE,
DELAWARE

REGION :3

STATEMENT OF BASIS AND PURPOSE

THIS DECISION DOCUMENT PRESENTS THE SELECTED REMEDIAL ACTION FOR THE
ARMY CREEK LANDFILL SITE IN NEW CASTLE, DELAWARE, WHICH WAS CHOSEN IN
ACCORDANCE WITH THE REQUIREMENTS OF THE COMPREHENSIVE ENVIRONMENTAL
RESPONSE, COMPENSATION, AND LIABILITY ACT OF 1980 (CERCLA), AS AMENDED
BY THE SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT OF 1986 (SARA), AND,
TO THE EXTENT PRACTICABLE, THE NATIONAL OIL AND HAZARDOUS SUBSTANCES
POLLUTION CONTINGENCY PLAN (NCP). THIS DECISION DOCUMENT EXPLAINS THE
FACTUAL AND LEGAL BASIS FOR SELECTING THE REMEDY FOR THIS SITE.

THE DELAWARE DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL
Copr. (C) West 1996 No claim to orig. U.S. govt. works

WFSTLAW



EDR-ID 1000439870 PAGE 3

HAS NOT CONCURRED WITH THE SELECTED REMEDY. THE INFORMATION SUPPORTING
THIS REMEDIAL ACTION DECISION IS CONTAINED IN THE ADMINISTRATIVE RECORD
FOR THIS SITE.

ASSESSMENT OF THE SITE

ACTUAL OR THREATENED RELEASES OF HAZARDOUS SUBSTANCES FROM THIS SITE, IF
NOT ADDRESSED BY IMPLEMENTING THE RESPONSE ACTION SELECTED IN THIS
RECORD OF DECISION (ROD), MAY PRESENT AN IMMINENT AND SUBSTANTIAL
ENDANGERMENT TO PUBLIC HEALTH, WELFARE, OR THE ENVIRONMENT.

DECLARATION OF STATUTORY DETERMINATIONS

THE SELECTED REMEDY IS PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT,
COMPLIES WITH FEDERAL AND STATE REQUIREMENTS THAT ARE LEGALLY APPLICABLE
OR RELEVANT AND APPROPRIATE TO THE REMEDIAL ACTION, AND IS COST
EFFECTIVE. THIS REMEDY UTILIZES PERMANENT SOLUTIONS AND ALTERNATIVE
TREATMENT (OR RESOURCE RECOVERY) TECHNOLOGIES TO THE MAXIMUM EXTENT
PRACTICABLE, AND IT SATISFIES THE STATUTORY PREFERENCE FOR REMEDIES THAT
EMPLOY TREATMENTS THAT REDUCE TOXICITY, MOBILITY, OR VOLUME AS THEIR
PRINCIPAL ELEMENT.

BECAUSE THIS REMEDY WILL RESULT IN HAZARDOUS SUBSTANCES REMAINING ON
SITE ABOVE HEALTH-BASED LEVELS, A REVIEW WILL BE CONDUCTED WITHIN FIVE
YEARS AFTER COMMENCEMENT OF REMEDIAL ACTION TO ENSURE THAT THE REMEDY
CONTINUES TO PROVIDE ADEQUATE PROTECTION OF HUMAN HEALTH AND THE
ENVIRONMENT.

DATE 06/29/90 EDWIN B. ERICKSON
REGIONAL ADMINISTRATOR

REGION III

I. SITE LOCATION AND DESCRIPTION

THE ARMY CREEK LANDFILL IS LOCATED APPROXIMATELY TWO MILES SOUTHWEST OF
THE CITY OF NEW CASTLE, DELAWARE (FIGURE 1). THE LANDFILL IS BORDERED
TO THE NORTH AND WEST BY CONRAIL TRACKS AND ON THE SOUTH AND EAST BY
ARMY CREEK. THE HIGHWAYS ADJACENT TO THE LANDFILL ARE ROUTES 13 AND 40
TO THE WEST AND ROUTE 9 TO THE EAST (FIGURE 2).

LLANGOLLEN ESTATES, A RESIDENTIAL DEVELOPMENT, IS LOCATED 1/4 MILE
SOUTHWEST OF THE SITE. DELAWARE SAND AND GRAVEL, ANOTHER LANDFILL WHICH
HAS BEEN PLACED ON THE SUPERFUND NATIONAL PRIORITIES LIST, IS ADJACENT
TO ARMY CREEK LANDFILL AND SEPARATED FROM IT ONLY BY ARMY CREEK, A
TRIBUTARY OF THE DELAWARE RIVER.

THE ARMY CREEK LANDFILL, A FORMER SAND AND GRAVEL QUARRY, IS OWNED BY
NEW CASTLE COUNTY. THE COUNTY OPERATED THIS APPROXIMATELY 44-ACRE
LANDFILL WHICH ACCEPTED MUNICIPAL AND INDUSTRIAL WASTES FROM 1960 UNTIL
ITS CLOSURE IN 1968. DURING THAT TIME, AN ESTIMATED 1.9 MILLION CUBIC
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YARDS OF REFUSE WERE LANDFILLED AT THE SITE, 30 PERCENT OF WHICH (OR
APPROXIMATELY 600,000 CUBIC YARDS) NOW LIES BELOW THE SEASONAL HIGH
WATER TABLE.

IN LATE 1971, WATER IN A RESIDENTIAL WELL SOUTHWEST OF THE LANDFILL
DEVELOPED QUALITY PROBLEMS, SUCH AS A DISTINCTLY DISAGREEABLE ODOR AND
PERMANENT STAINING OF PORCELAIN FIXTURES. NEW CASTLE COUNTY BEGAN A
MULTI-YEAR FIELD INVESTIGATION TO ASSESS THE PROBLEM. RESULTS FROM THAT
INVESTIGATION SHOWED THAT LEACHATE ORIGINATING FROM THE ARMY CREEK AND
DELAWARE SAND AND GRAVEL LANDFILLS WAS CONTAMINATING LOCAL AQUIFERS.

THE COUNTY'S REMEDIAL INVESTIGATION LED TO THE INSTALLATION OF A
GROUNDWATER RECOVERY SYSTEM DESIGNED TO MAINTAIN A GROUNDWATER DIVIDE
BETWEEN THE LANDFILLS AND THE ARTESIAN WATER COMPANY WELLFIELD LOCATED
DOWNGRADIENT OF THE LANDFILLS. CONTAMINATED GROUNDWATER PUMPED FROM THE
RECOVERY WELL SYSTEM IS CURRENTLY DISCHARGED TO ARMY CREEK. ARMY POND,
ORIENTED PARALLEL TO THE SOUTHERN SITE BOUNDARY, IS ELLIPSOID IN SHAPE
AND APPROXIMATELY 2,000 FEET LONG, 175 FEET WIDE, AND 1 FOOT DEEP.
STORM WATER RUNOFF FROM THE SITE, AS WELL AS FLOWS FROM THE RECOVERY
WELLS, ARE COLLECTED IN THIS POND. UPSTREAM OF THE POND, ARMY CREEK IS
A LOW-VOLUME SEASONAL STREAM LARGELY DEPENDENT ON STORM RUNOFF WHICH
EMPTIES INTO THE POND. DOWNSTREAM OF THE POND THE CREEK IS ENLARGED BY
THE FLOW FROM THE RECOVERY WELLS, WHICH AVERAGES 1.4 MILLION GALLONS PER
DAY. ALTHOUGH THE RECOVERY WELL DISCHARGES REPRESENT UP TO 90 PERCENT
OF THE VOLUME OF ARMY CREEK, HISTORICAL AERIAL PHOTOS DOCUMENT THAT ARMY
CREEK/POND WAS NEARLY THE SAME SIZE IN THE LATE 1950S. THERE ARE HIGH
QUALITY WETLANDS ASSOCIATED WITH THE ARMY CREEK WHICH ARE UTILIZED BY
MIGRATORY BIRDS.

ARMY CREEK AND ITS VICINITY SUPPORTS A DIVERSE FLORA AND FAUNA. FIVE
SPECIES OF SPECIAL CONCERN HAVE BEEN FOUND IN ARMY CREEK OR WITHIN THE
VICINITY OF THE SITE. THESE ARE THE BUR-MARIGOLD, SMALLMOUTH BASS,
STRIPED BASS, WHITE CRAPPIES AND YELLOW BULLHEADS. THE BUR-MARIGOLD IS
NOT FOUND ON THE ARMY CREEK SITE, BUT RATHER AT THE MOUTH OF ARMY CREEK
ALONG THE DELAWARE RIVER. BECAUSE OF THE DISTANCE INVOLVED, IT IS NOT
LIKELY THIS SPECIES WOULD BE IMPACTED BY THE ARMY CREEK SITE OR ITS
REMEDIATION. THE FOUR FISH SPECIES LISTED ABOVE COULD POTENTIALLY BE
IMPACTED BY THE ARMY CREEK SITE. ALTHOUGH THESE SPECIES HAVE BEEN FOUND
IN ARMY CREEK, THEY DO NOT APPEAR TO BE COMMON SPECIES IN THE CREEK.
WHITE CRAPPIES AND SMALLMOUTH BASS WERE FOUND TWO TIMES OUT OF SIX
SAMPLING EVENTS BETWEEN 1975 AND 1983, WHILE YELLOW BULLHEAD AND STRIPED
BASS WERE FOUND ONLY ONCE.

SITE GEOLOGY

THE ARMY CREEK LANDFILL IS LOCATED WITHIN THE ATLANTIC COASTAL PLAIN
PHYSIOGRAPHIC PROVINCE. THE COASTAL PLAIN IS COMPOSED OF A WEDGE-SHAPED
BODY CONSISTING OF GRAVELS, SANDS, SILTS AND CLAYS.

THE SITE IS UNDERLAIN BY TWO WATER-BEARING FORMATIONS, THE COLUMBIA AND
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THE POTOMAC. THE COLUMBIA, THE UPPER-MOST AQUIFER BENEATH THE LANDFILL,
IS OF PLEISTOCENE AGE AND IS FROM 10 TO 60 FEET THICK AT THE SITE. THIS
FORMATION, WHICH DIPS TO THE SOUTH-EAST, CONSISTS OF MEDIUM TO COARSE
GRAINED SANDS, GRAVELS, SILTS AND CLAYS WHICH WERE DEPOSITED IN SHALLOW
LENS-SHAPED CHANNELS. THE SILT AND CLAY UNITS OF THE COLUMBIA ARE
DISCONTINUOUS AND DO NOT FORM CONFINING UNITS.

THE POTOMAC FORMATION OF CRETACEOUS AGE UNDERLIES THE COLUMBIA FORMATION
AND IS GENERALLY SEPARATED FROM IT BY A CONFINING CLAY LAYER AT THE
SITE. THE POTOMAC FORMATION DIPS TO THE SOUTHEAST, IS UP TO 600 FEET
THICK AND CONSISTS OF SILTS AND CLAYS INTERBEDDED WITH SANDS AND SOME
GRAVEL. THE FORMATION IS DIVIDED INTO UPPER AND LOWER UNITS WHICH ARE
SEPARATED BY A THICK CONFINING CLAY UNIT. THE UPPER POTOMAC FORMATION
SILTS AND CLAYS ARE DISCONTINUOUS AND NONUNIFORM; IN SOME PLACES, THE
SANDS OF THE COLUMBIA AND POTOMAC ARE IN CONTACT.

SITE HYDROGEOLOGY

HYDROLOGICALLY, THE POTOMAC UPPER CLAY FUNCTIONS AS A CONFINING ZONE FOR
THE UNDERLYING AQUIFER WHICH IS KNOWN AS THE UPPER POTOMAC HYDROLOGIC
ZONE. THE DIRECTION OF FLOW IN THE POTOMAC AQUIFER HAS BEEN ALTERED
SIGNIFICANTLY OVER THE PAST SEVERAL DECADES DUE TO WITHDRAWAL OF WATER
FOR INDUSTRIAL AND DOMESTIC USES. THE ELEVATION OF THE POTENTIOMETRIC
SURFACE IN THE 1950S, BEFORE SIGNIFICANT DEVELOPMENT OF THE AQUIFER, WAS
ABOUT 19 FEET BELOW SEA LEVEL AND FLOW DIRECTION WAS TOWARD DELAWARE BAY
TO THE SOUTHEAST. IN THE 1960S, AFTER WELLFIELDS WERE DEVELOPED IN THE
POTOMAC FORMATION FOR PUBLIC WATER SUPPLIES AND INDUSTRIAL USE, THE
DIRECTION OF FLOW REMAINED TO THE SOUTH AND EAST.

THE SURFACE OF THE LANDFILL IS POCKETED WITH DEPRESSIONS RESULTING FROM
THE DIFFERENTIAL SUBSIDENCE OF THE REFUSE. THESE DEPRESSIONS, COUPLED
WITH THE REMAINING FLAT SURFACE OF THE LANDFILL, RETARDS STORMWATER FROM
RUNNING OFF THE LANDFILL. THE COVER IS GENERALLY SILTY, SANDY AND QUITE
PERMEABLE. HOWEVER, DEPOSITS OF CLAY HAVE ACCRETED IN THE DEPRESSIONS
SO THAT STORM-WATER FORMS PONDS IN THE DEPRESSIONS. THESE PONDS
CONTRIBUTE TO THE SLOW INFILTRATION OF WATER INTO THE LANDFILL. BECAUSE
OF THESE CURRENT SURFACE CONDITIONS, IT IS ESTIMATED THAT AT LEAST 50
PERCENT OF THE PRECIPITATION WHICH FALLS DIRECTLY ONTO THE LANDFILL
SURFACE INFILTRATES THROUGH THE LANDFILL COVER AND PERCOLATES THROUGH
THE REFUSE.

II. SITE HISTORY AND ENFORCEMENT ACTIVITIES

THE ARMY CREEK LANDFILL OCCUPIES AN AREA THAT WAS FORMERLY UTILIZED AS A
SAND AND GRAVEL PIT. THE GRAVEL PIT IN WHICH ARMY CREEK LANDFILL WAS
CONSTRUCTED WAS EXCAVATED UNTIL A HARD ZONE WAS ENCOUNTERED. THIS ZONE
MARKS THE BASE OF THE COLUMBIA FORMATION AND THE TOP OF THE UNDERLYING
CLAY.

IN 1960, THE LANDFILL BEGAN OPERATION AS A MUNICIPAL REFUSE LANDFILL.
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THE LANDFILL WAS OPERATED BY NEW CASTLE COUNTY CONTINUOUSLY UNTIL 1968
WHEN IT WAS FILLED TO CAPACITY. REFUSE PLACEMENT, COMPACTION AND
COVERING OPERATIONS AT THE ARMY CREEK LANDFILL WERE CARRIED OUT BY THE
OPERATORS OF THE GRAVEL PIT UNDER CONTRACT TO NEW CASTLE COUNTY. REFUSE
BURIAL BEGAN AT THE EASTERN END OF THE PIT AND GENERALLY CONTINUED
TOWARD THE PIT ENTRANCE ON THE WEST. THE COVER MATERIAL USED WAS
OBTAINED FROM THE PIT AND INCLUDES RESIDENTIAL SANDS, TAILING PILES AND
SILTATION BASIN DEPOSITS. AS THE OPERATION PROGRESSED, COVER MATERIAL
AND LAND-FILL SPACE BECAME DEPLETED. THIS ENCOURAGED DEEPER EXCAVATION
WHICH MAY HAVE REMOVED MUCH OF THE CLAY LAYER WHICH SEPARATED THE
COLUMBIA FROM THE POTOMAC FORMATIONS. THIS IN TURN COULD HAVE CREATED
DIRECT ACCESS ROUTES FOR LEACHATE FROM THE COLUMBIA TO THE POTOMAC.
DIRECT ACCESS ROUTES MAY ALSO HAVE OCCURRED NATURALLY DUE TO THE
NONCONTINUOUS GEOMETRY OF THE POTOMAC CLAY.

IN LATE 1971, WATER IN A RESIDENTIAL WELL DOWNGRADIENT OF THE ARMY CREEK
LANDFILL SITE DEVELOPED SEVERE QUALITY PROBLEMS. IN JUNE 1972, NEW
CASTLE COUNTY COMMENCED A GROUNDWATER MONITORING PROGRAM WHICH BEGAN
WITH A WELL INSTALLATION AND SAMPLING PROGRAM. MONITORING BY VARIOUS
AGENCIES INCLUDING EPA, NEW CASTLE COUNTY AND THE DELAWARE DEPARTMENT OF
NATURAL RESOURCES AND ENVIRONMENTAL CONTROL (DNREC) HAS CONTINUED UP TO
THE PRESENT. MONITORING HAS RESULTED IN THE IDENTIFICATION OF
GROUNDWATER CONTAMINANTS INDICATIVE OF HAZARDOUS WASTE DISPOSAL AS WELL
AS TYPICAL MUNICIPAL REFUSE. IT WAS ALSO DETERMINED THAT THE PLUME OF
THESE CONTAMINANTS WAS MOVING TOWARD THE RECEPTORS LOCATED DOWNGRADIENT
OF THE LANDFILL. AFTER CONSIDERING ALTERNATIVE WATER SUPPLIES FOR THE
AFFECTED RESIDENTS, NEW CASTLE COUNTY PAID FOR AN EXTENSION OF
ARTESIAN'S WATER SUPPLY LINES TO THE FIRST CONTAMINATED RESIDENCE AND
OTHER HOMES ALONG GRANTHAM LANE. THERE WAS ALSO A SETTLEMENT WITH THE
HOMEOWNERS TO OFFSET THE MONTHLY SERVICES COSTS.

IN 1973, RECOVERY WELLS WERE INSTALLED IN THE UPPER POTOMAC AQUIFER BY
NEW CASTLE COUNTY. THE PURPOSE OF THE RECOVERY WELLS WAS TO INTERCEPT
AND CONTAIN THE CONTAMINANT PLUME. THE PUMPING OF THESE WELLS CREATED A
GROUNDWATER DIVIDE BETWEEN THE ARMY CREEK LANDFILL AND THE ARTESIAN
WATER COMPANY'S LLANGOLLEN WELLFIELD.

A MODIFIED RECOVERY SYSTEM WAS INSTALLED IN 1980, WHICH INCLUDED
PLACEMENT OF NEW RECOVERY WELLS CLOSER TO THE LANDFILL IN ORDER TO PUMP
MORE CONCENTRATED GROUNDWATER AND THEREFORE LESS CLEAN WATER. THE
PRESENT RECOVERY WELL SYSTEM UTILIZES WELLS 27, 28, 29, 31, RW-1, RW-9,
RW-10, RW-11, RW-12 AND RW-13 (FIGURE 2).

BASED ON THE SAMPLING ANALYSIS FROM THE RECOVERY AND MONITORING WELLS,
THE ARMY CREEK LANDFILL SITE WAS PROPOSED FOR THE NATIONAL PRIORITIES
LIST (NPL) IN OCTOBER OF 1981 AND WAS FINALIZED ON THE LIST IN SEPTEMBER
OF 1983 DUE TO EXTENSIVE GROUNDWATER CONTAMINATION. IN AUGUST 1984, EPA
ENTERED INTO A CONSENT AGREEMENT AND ORDER WITH NEW CASTLE COUNTY TO
PERFORM A FEASIBILITY STUDY AT THE SITE. NEW CASTLE COUNTY SUBMITTED
THE FINAL DRAFT OF THE STUDY IN JULY 1986.
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THE ARMY CREEK RECORD OF DECISION (ROD) FOR THE FIRST OPERABLE UNIT,
ISSUED ON SEPTEMBER 30, 1986, SELECTED A REMEDIAL ALTERNATIVE FOR SOURCE
CONTROL BUT DEFERRED SELECTION OF APPROPRIATE REMEDIAL MEASURES FOR
SEDIMENTS IN ARMY POND AND A TREATMENT FOR THE GROUNDWATER RECOVERY WELL
DISCHARGES TO A SECOND OPERABLE UNIT DECISION DOCUMENT. THE FIRST
OPERABLE UNIT ROD SELECTED A TWO-PHASED APPROACH:

PHASE I

1. INSTALLATION OF A MULTI-LAYER LANDFILL CAP

2. CONTINUED OPERATION OF THE DOWNGRADIENT RECOVERY WELL NETWORK

3. EVALUATION OF THE REMEDIAL ACTION FOR FIVE YEARS AFTER THE CAP IS
INSTALLED TO ASSESS THE EFFECTIVENESS OF THE SYSTEM DURING
OPERATION.

PHASE II
1. BASED ON THE FIVE-YEAR EVALUATION, A DETERMINATION WILL BE MADE ON

WHETHER TO INSTALL UPGRADIENT CONTROLS

2. CONTINUE EVALUATION OF THE EFFECTIVENESS OF THE SYSTEM

3. OPERATION AND MAINTENANCE

THE EXTENSIVE STUDIES THAT HAVE BEEN CONDUCTED AT THE SITE HAVE
IDENTIFIED CONTAMINATION IN BOTH THE GROUNDWATER AND SURFACE WATER. THE
REMEDIAL ACTION STRATEGY SELECTED IN THE FIRST OPERABLE UNIT, DESCRIBED
ABOVE, ADDRESSES THE GROUNDWATER CONTAMINATION AND THE LANDFILL LEACHATE
CURRENTLY SEEPING INTO THE SURFACE WATER (ARMY CREEK/POND).

IN AUGUST 1986, EPA ISSUED NOTICE LETTERS TO THE IDENTIFIED POTENTIALLY
RESPONSIBLE PARTIES (PRPS) INVITING THEM TO DESIGN AND IMPLEMENT THE
REMEDIAL ACTION STRATEGY SELECTED IN THE FIRST OPERABLE UNIT RECORD OF
DECISION. THE PRPS FAILED TO ACHIEVE SETTLEMENT WITH THE EPA. EPA
COMPLETED THE REMEDIAL DESIGN OF A MULTI-LAYER LANDFILL CAP IN AUGUST
1989.

IN FEBRUARY 1989, EPA ISSUED SPECIAL NOTICE LETTERS TO THE IDENTIFIED
PRPS INVITING THEM TO CONDUCT THE FOCUSED REMEDIAL INVESTIGATION AND
FEASIBILITY STUDY WITH RESPECT TO THE SURFACE WATER (ARMY CREEK/POND)
AND SEDIMENTS ADJACENT TO THE LANDFILL. THE NOTICED PRPS DECLINED TO
PERFORM THE STUDY. IN FEBRUARY 1990, EPA COMPLETED THE SECOND OPERABLE
UNIT RI/FS.

III. SCOPE AND ROLE OF OPERABLE UNIT

THIS IS THE SECOND AND FINAL PLANNED OPERABLE UNIT FOR THE SITE. THE
FIRST OPERABLE UNIT PROVIDED FOR THE INSTALLATION OF A HYDRAULIC BARRIER
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(CAP) OVER THE LANDFILL TO PREVENT VERTICAL INFILTRATION THROUGH THE
WASTES AND FOR THE CONTINUED OPERATION OF THE DOWNGRADIENT RECOVERY WELL
NETWORK TO PREVENT THE MIGRATION OF CONTAMINATED GROUNDWATER TO PUBLIC
SUPPLY WELLS. THE RECOVERY WELL SYSTEM IS CURRENTLY OPERATING AND THE
REMEDIAL DESIGN OF THE LANDFILL CAP HAS RECENTLY BEEN COMPLETED. ACTUAL
CAP CONSTRUCTION IS PLANNED TO BEGIN BEFORE DECEMBER 1990. THIS SECOND
OPERABLE UNIT ADDRESSES THE NEED TO TREAT THE RECOVERY WELL DISCHARGES,
WHICH, AS DETERMINED IN THE REMEDIAL INVESTIGATION, DO NOT PRESENT AN
UNACCEPTABLE THREAT TO HUMAN HEALTH BUT ARE POTENTIALLY HARMFUL TO THE
ENVIRONMENT. SEDIMENT SAMPLING REVEALED CONTAMINANT LEVELS WHICH WERE
WITHIN A RANGE EXPECTED TO BE FOUND IN A WETLAND ENVIRONMENT AND ARE
THEREFORE NOT AN ENVIRONMENTAL CONCERN.

THE CONTAMINATED MEDIUM TO BE ADDRESSED IN THE SECOND OPERABLE UNIT IS
THE SURFACE WATER OF ARMY CREEK/POND IN GENERAL AND THE RECOVERY WELL
DISCHARGE IN PARTICULAR.
IV. HIGHLIGHTS OF COMMUNITY PARTICIPATION

THE RI/FS REPORT AND THE PROPOSED PLAN FOR THE SECOND OPERABLE UNIT OF
THE ARMY CREEK SITE WERE RELEASED TO THE PUBLIC FOR COMMENT ON MARCH 18,
1990. THESE TWO DOCUMENTS WERE MADE AVAILABLE TO THE PUBLIC IN BOTH THE
ADMINISTRATIVE RECORD AND AN INFORMATION REPOSITORY MAINTAINED AT THE
EPA DOCKET ROOM IN REGION 3 AND AT DNREC'S NEW CASTLE OFFICE. THE
NOTICE OF AVAILABILITY FOR THESE TWO DOCUMENTS WAS PUBLISHED IN THE
WILMINGTON NEWS JOURNAL ON MARCH 18, 1990. A PUBLIC COMMENT PERIOD ON
THE DOCUMENTS WAS HELD FROM MARCH 18, 1990, TO MAY 2, 1990. IN
ADDITION, PUBLIC MEETINGS WERE HELD ON MARCH 26 AND APRIL 21, 1990. AT
THESE MEETINGS, REPRESENTATIVES FROM EPA AND DNREC ANSWERED QUESTIONS
ABOUT PROBLEMS AT THE SITE AND THE REMEDIAL ALTERNATIVES UNDER
CONSIDERATION. A RESPONSE TO THE COMMENTS RECEIVED DURING THIS PERIOD
IS INCLUDED IN THE RESPONSIVENESS SUMMARY, WHICH IS PART OF THIS ROD.

V. SITE CHARACTERISTICS

AS DOCUMENTED IN THE FIRST OPERABLE UNIT ROD, THE GROUNDWATER BENEATH
AND DOWNGRADIENT FROM THE SITE IS CONTAMINATED BY BOTH ORGANIC AND
INORGANIC POLLUTANTS AT LEVELS EXCEEDING THE DRINKING WATER STANDARDS.
DRINKING WATER STANDARDS ARE THE APPLICABLE STANDARDS FOR GROUNDWATER
BECAUSE IT IS WITHDRAWN AND USED AS A POTABLE WATER SUPPLY. THE FIRST
OPERABLE UNIT ROD SELECTED THE CONTINUED OPERATION OF THE EXISTING
RECOVERY WELL NETWORK TO PREVENT THE HORIZONTAL MIGRATION OF THE
CONTAMINANTS TO ANY POTABLE WATER SUPPLY WELL HEAD.

THE GROUNDWATER RECOVERED BY THE RECOVERY WELL NETWORK IS CURRENTLY
BEING DISCHARGED TO THE ARMY CREEK/POND SURFACE WATER. A DETERMINATION
ON THE LEVEL OF TREATMENT REQUIRED FOR THIS RECOVERED GROUNDWATER PRIOR
TO SURFACE DISCHARGE IS THE PRIMARY OBJECTIVE OF THIS DECISION DOCUMENT.
DRINKING WATER STANDARDS ARE NOT APPLICABLE TO THE ARMY CREEK/POND
SURFACE WATER BECAUSE THE CREEK WATER IS NOT CLASSIFIED AS A POTABLE
WATER SOURCE. EPA AND DNREC HAVE ESTABLISHED RELEVANT WATER QUALITY
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STANDARDS PURSUANT TO SECTIONS 304(A) AND 303 OF THE CLEAN WATER ACT,
RESPECTIVELY, IN ORDER TO PROTECT THE DESIGNATED USES OF ARMY
CREEK/POND. THE DESIGNATED USES FOR ARMY CREEK/POND INCLUDE THE
FOLLOWING: SECONDARY CONTACT RECREATION; FISH, AQUATIC LIFE AND
WILDLIFE. THE FRESH WATER SEGMENTS ARE ALSO DESIGNATED FOR AGRICULTURAL
WATER SUPPLY USES.

SURFACE WATER

TWO STUDIES HAVE COMPARED THE STREAM BIOTA OF ARMY CREEK FROM LOCATIONS
ABOVE AND BELOW THE LANDFILL, BEYOND THE POND OUTLET. THE STUDY
CONDUCTED IN 1985 BY THE STATE OF DELAWARE FOUND SPECIES RICHNESS AT
STATIONS ABOVE AND BELOW THE LANDFILL TO BE SIMILAR. BOTH STATIONS
EXHIBITED HIGH DENSITIES OF MACROINVERTEBRATES BUT RELATIVELY LOW
SPECIES DIVERSITY. OF THE SPECIES PRESENT, FACULTATIVE AND
POLLUTION-TOLERANT ORGANISMS PREDOMINATED. THE AUTHORS SUGGESTED THESE
COMMUNITIES WERE INDICATIVE OF MODERATE INORGANIC ENRICHMENT. THE
SECOND BIOMONITORING STUDY WAS CONDUCTED IN 1986 BY EPA. THIS STUDY HAD
THREE STUDY SITES, ONE UPSTREAM FROM THE LANDFILL, THE SECOND IN THE
ARMY CREEK POND, AND THE THIRD DOWNSTREAM OF ARMY CREEK LANDFILL.
RESULTS OF THIS STUDY WERE SIMILAR TO THOSE FOUND IN THE 1985 STATE OF
DELAWARE STUDY. THE EPA STUDY DID FIND THAT THE DOWNSTREAM BENTHIC
COMMUNITY HAD MORE TAXA AND FEWER ORGANISMS PER TAXA AS WELL AS MORE
GROUPS INTOLERANT OF WATER POLLUTION, INDICATING A SLIGHT IMPROVEMENT IN
WATER QUALITY OVER UPSTREAM STATIONS. THE POND STATION EXHIBITED VERY
LOW SPECIES RICHNESS AND 95 PERCENT OF THE GROUPS FOUND IN THE POND WERE
POLLUTION TOLERANT. THIS INDICATES POOR WATER QUALITY IN THE POND. IN
SUMMARY, ARMY CREEK BOTH ABOVE AND BELOW THE LANDFILL APPEARS TO BE
NUTRIENT ENRICHED. ALTHOUGH CHRONIC TOXIC EFFECTS DUE TO LANDFILL
EFFLUENT MAY BE PRESENT, THE EFFECTS CANNOT BE DISTINGUISHED FROM THE
STREAM BIOTIC COMMUNITIES DUE TO THE CONFOUNDING EFFECTS OF THE STREAM
ENRICHMENT. THE IMPROVEMENT IN THE BENTHIC MACROINVERTEBRATE COMMUNITY
BELOW THE POND OUTFALL DOES SUGGEST THAT THE POND MAY BE OPERATING IN A
LIMITED CAPACITY AS A FILTER OR AERATION SYSTEM, IMPROVING THE WATER
QUALITY OF THE OUTFLOW WATER.

BASED ON QUESTIONS RAISED BY THE STATE REGARDING THE REPRESENTATIVENESS
OF THE RESULTS CITED IN THE REMEDIAL INVESTIGATION AND PROPOSED PLAN
(TAKEN FROM A REPORT ON CHEMICAL ANALYSES OF FISH SAMPLES COLLECTED IN
1983) A NEW SAMPLING EVENT WAS CONDUCTED. IN MAY 1990, SEPARATE
BIOASSAYS WERE PERFORMED ON COMPOSITE FISH FILLET SAMPLES OF FIVE COMMON
CARP AND SIX AMERICAN EEL COLLECTED BY DNREC. RESULTS SHOWED SOME
INORGANIC CONTAMINATION BY ZINC IN BOTH THE CARP (11.2 UG/G) AND THE EEL
(14.9 UG/G). NO ADDITIONAL INORGANIC CONSTITUENTS WERE IDENTIFIED.
ORGANIC ANALYSES OF THE COMPOSITE FISH FILLETS HAVE NOT YET BEEN
COMPLETED. THE FISH IN THE STUDY WERE COLLECTED BELOW THE LANDFILL AT
THE EDGE OF THE ARMY CREEK SITE.

IN AUGUST 1988, THE EPA FIELD INVESTIGATION TEAM SAMPLED ARMY CREEK FOR
PRIORITY POLLUTANTS. THE DATA INDICATED THE PRESENCE OF ORGANIC AND
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INORGANIC CONTAMINANTS IN THE WATERS OF ARMY CREEK (TABLE 1). ORGANICS
DETECTED INCLUDED: BIS (2-CHLOROETHYL) ETHER, 1,2-DICHLOROETHANE, AND
PHENOL. INORGANICS DETECTED IN TWO OR MORE SAMPLING LOCATIONS INCLUDED:
CADMIUM, CHROMIUM, IRON, MERCURY, AND ZINC. THE ORGANIC CONTAMINANTS
WERE WELL BELOW THE DELAWARE SURFACE WATER QUALITY STANDARDS (DSWQS)
WHICH ARE KNOWN TO BE PROTECTIVE OF THE AQUATIC ENVIRONMENT. THE
CONCENTRATION OF BIS (2-CHLOROETHYL) ETHER MAY EXCEED THE NUMERIC DSWQS
FOR PROTECTION OF HUMAN HEALTH VIA FISH CONSUMPTION (IDENTIFIED
CONCENTRATIONS ARE BELOW DETECTION LIMITS). THE CONCENTRATIONS OF
CADMIUM, IRON, MERCURY AND ZINC WERE FOUND TO EXCEED THE DELAWARE
SURFACE WATER QUALITY STANDARDS FOR CHRONIC TOXICITY (TABLE 4). THE
ANALYSIS FOR CHROMIUM DID NOT DIFFERENTIATE BETWEEN VALENCES; HOWEVER,
THE RELATIVE TOXICITY OF HEXAVALENT CHROMIUM IS GREATER THAN TRIVALENT
CHROMIUM. IF THE MAJORITY OF THE TOTAL CHROMIUM REPORTED IS IN THE
HEXAVALENT FORM, THE LEVEL DOES EXCEED THE CRITERION.

GROUNDWATER RECOVERY WELL DISCHARGE

THERE ARE CURRENTLY TEN RECOVERY WELLS PUMPING GROUNDWATER AND
DISCHARGING TO ARMY CREEK/POND. NEW CASTLE COUNTY HAS ARRANGED TO

DIRECT THE WATER PUMPED FROM ONE OF THE TEN WELLS (RW #9) TO THE
WILMINGTON POTW. THE SAMPLING OF THE REMAINING NINE RECOVERY WELL
DISCHARGES WAS CARRIED OUT ON JULY 6, 1989. THE RECOVERY WELLS SAMPLED,
REFERRED TO BY THE WELL NUMBER ASSIGNED TO THEM BY NEW CASTLE COUNTY
UPON INSTALLATION, WERE NUMBERED 1, 10, 11, 12, 13, 27, 28, 29, AND 31
(FIGURE 2).

TO DETERMINE THE COMBINED EFFECT OF THESE DISCHARGES ON ARMY CREEK/POND,
THE FLOW WEIGHTED AVERAGE CONCENTRATIONS OF THE COMPOUNDS FOUND IN THE
RECOVERY WELL DISCHARGES WERE CALCULATED. ALTHOUGH MANY ORGANIC (TABLE
2) AND INORGANIC (TABLE 3) CONTAMINANTS WERE DETECTED IN THE DISCHARGES,
ONLY IRON DEFINITIVELY EXCEEDS THE NUMERIC SURFACE WATER QUALITY
CRITERIA. THE FLOW WEIGHTED AVERAGE CONCENTRATION OF
BIS (2-CHLOROETHYL) ETHER IN THE DISCHARGES MAY CONTRIBUTE TO AN 'IN
STREAM' CONCENTRATION THAT MAY EXCEED THE NUMERIC CRITERION ESTABLISHED
TO PROTECT HUMAN HEALTH FROM THE FISH CONSUMPTION EXPOSURE ROUTE. THE
CURRENT DATA IS INSUFFICIENT TO MAKE A DEFINITIVE DETERMINATION. THE
NUMERIC AND NARRATIVE CRITERIA DOCUMENTED IN THE DELAWARE SURFACE WATER
QUALITY STANDARDS AS AMENDED ON FEBRUARY 2, 1990 (TABLE 4) ARE THE
STANDARDS RELEVANT TO SURFACE WATER BODIES.

SURFACE WATER QUALITY CRITERIA ARE CONSTITUENT CONCENTRATIONS, LEVELS OR
NARRATIVE STATEMENTS THAT REPRESENT A QUALITY OF WATER THAT SUPPORTS A
PARTICULAR DESIGNATED USE. AS SUCH, THEY APPLY 'IN STREAM.' IN
DETERMINING MAXIMUM ALLOWABLE DISCHARGE CONCENTRATIONS, THE ALLOWABLE
DILUTION IN THE RECEIVING STREAM IS CONSIDERED. IN THE CASE OF ARMY
CREEK, THE UPSTREAM PORTION IS CONSIDERED AN INTERMITTENT STREAM LARGELY
DEPENDENT ON SURFACE WATER RUN-OFF FOR FLOW. IN ACCORDANCE WITH DSWQS,
THE CRITICAL FLOWS TO BE USED IN DEFINING AVAILABLE DILUTION ARE: THE
BOTH PERCENTILE OR MEDIAN FLOW; THE FLOW OF THIRTY-DAY DURATION WITH A
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RECURRENCE INTERVAL OF 5 YEARS (30Q5); THE FLOW OF SEVEN-DAY DURATION
WITH A RECURRENCE INTERVAL OF TEN YEARS (7Q10); OR THE FLOW OF ONE-DAY
DURATION WITH A RECURRENCE INTERVAL OF TEN YEARS (1Q10), DEPENDING ON
THE APPLICABLE CRITERION (HUMAN CARCINOGEN, SYSTEMIC TOXICANT, CHRONIC
TOXICITY OR ACUTE TOXICITY).

SEDIMENTS

IN AUGUST 1988, THE EPA FIELD INVESTIGATION TEAM SAMPLED SEDIMENTS IN
ARMY CREEK/POND. THE DATA INDICATED THE PRESENCE OF BOTH ORGANIC AND
INORGANIC CONTAMINANTS IN THE CREEK/POND SEDIMENTS. TWENTY ORGANIC
CHEMICALS WERE FOUND IN THE SEDIMENT (TABLE 5) WHILE ONLY THREE WERE
FOUND IN THE SURFACE WATER. THE ONLY ORGANIC CHEMICAL FOUND IN BOTH
SURFACE WATER AND SEDIMENT WAS PHENOL. MANY OF THE CHEMICALS FOUND
EXCLUSIVELY IN THE SEDIMENT SAMPLES HAVE VERY HIGH ORGANIC CARBON
PARTITION COEFFICIENTS, WHICH INDICATES A PROPENSITY FOR SOIL AND
SEDIMENT ADSORPTION. THE METALS FOUND IN THE SEDIMENT SAMPLES INCLUDE
ARSENIC, CHROMIUM, COPPER, IRON, LEAD, MERCURY, NICKEL, AND ZINC
(TABLE 5).

PHENOL WAS NOT DETECTED IN THE RECOVERY WELL DISCHARGE SAMPLING
PERFORMED FOR THIS RI/FS, BUT IT HAD BEEN DETECTED IN EARLIER SAMPLING
AT CONCENTRATIONS FAR BELOW THE SURFACE WATER CONCENTRATIONS SHOWN IN
TABLE 1. EVIDENTLY, THE SOURCE OF PHENOL IS EITHER CONTAMINATED
LEACHATE FROM THE LANDFILL, OR CONTAMINATED RUNOFF FROM OFF SITE.
REGARDLESS OF THE SOURCE OF PHENOL, ITS CONCENTRATION IN THE SURFACE
WATER DOES NOT REPRESENT A HAZARD TO HUMAN HEALTH OR AQUATIC LIFE.

LEVELS OF METALS OBSERVED IN ARMY POND AND ARMY CREEK SEDIMENTS WERE
COMPARED TO CONCENTRATIONS OF METALS OCCURRING NATURALLY IN US SOILS,
SHOWN IN TABLE 6, AS COMPILED BY BROWN AND ASSOCIATES (1983). ALL
METALS EXCEPT IRON WERE DETERMINED TO FALL WITHIN THE RANGES CITED BY
THIS SOURCE. ALTHOUGH BROWN AND ASSOCIATES DID NOT INCLUDE IRON IN
THEIR PUBLICATION, THE EXTREMELY HIGH LEVELS OF IRON MEASURED IN THE
CREEK/POND SEDIMENT IS CLEARLY AN ARTIFACT FROM THE INTRODUCTION OF HIGH
CONCENTRATIONS OF DISSOLVED IRON IN THE RECOVERY WELL DISCHARGES. THE
ARMY CREEK/POND BOTTOM'S ORANGE APPEARANCE IS DUE TO THE HIGH LEVELS OF
IRON WHICH HAVE NATURALLY PRECIPITATED OUT OF THE WATER COLUMN.

WHEN COMPARING SEDIMENT AND SURFACE WATER CHEMICAL CONCENTRATIONS IN THE
ARMY POND VERSUS THOSE IN ARMY CREEK DOWNSTREAM OF THE POND THE
CONCENTRATIONS ARE GENERALLY OF THE SAME ORDER OF MAGNITUDE, WITH
SLIGHTLY LOWER VALUES IN THE DOWNSTREAM LOCATIONS. THIS ILLUSTRATES THE
LIMITED NATURAL CLEANSING EFFECT OCCURRING IN THE CREEK/POND ITSELF
(VOLATILIZATION/BIODEGRADATION OF ORGANICS AND PRECIPITATION/ADSORPTION
OF INORGANICS).

(1) FIRST OPERABLE UNIT REMEDIAL INVESTIGATION IDENTIFIED THE PRESENCE
OF PHENOL CONTAMINATION IN SOME OF THE MONITORING WELLS CONSTRUCTED
THROUGH THE ARMY CREEK LANDFILL.
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VI. SUMMARY OF SITE RISKS

A PRIMARY COMPONENT OF THE SECOND OPERABLE UNIT REMEDIAL INVESTIGATION
IS THE PUBLIC HEALTH AND ENVIRONMENTAL RISK ASSESSMENT. THIS ASSESSMENT
DEFINES THE POTENTIAL AND ACTUAL RISKS TO HUMAN HEALTH AND THE
ENVIRONMENT RESULTING FROM THE PRESENCE OF HAZARDOUS SUBSTANCES IN THE
ARMY CREEK/POND SURFACE WATER AND SEDIMENTS. THE POTENTIAL RISK
PRESENTED BY THE RECOVERY WELL DISCHARGES ALONE WAS ALSO EVALUATED.
TO DETERMINE WHETHER THERE IS AN ACTUAL EXPOSURE OR A POTENTIAL FOR
EXPOSURE AT THIS SITE WITH RESPECT TO SURFACE WATER, THE MOST LIKELY
PATHWAYS OF CONTAMINANT RELEASE AND TRANSPORT, AND THE HUMAN AND
ENVIRONMENTAL ACTIVITY PATTERNS IN THE AREA WERE CONSIDERED. A COMPLETE
EXPOSURE PATHWAY HAS THREE COMPONENTS:

1. A SOURCE OF CHEMICALS THAT CAN BE RELEASED INTO THE ENVIRONMENT

2. A ROUTE OF CONTAMINATION TRANSPORTED THROUGH SOIL, SEDIMENT, AIR OR
WATER

3. AN EXPOSURE OR CONTACT POINT FOR HUMANS OR THE ENVIRONMENT (PLANTS
AND ANIMALS)

POTENTIAL SOURCES OF CONTAMINATION ARE SUMMARIZED AS FOLLOWS:

1. RECOVERY WELL WATER DISCHARGE
2. CREEK AND POND SURFACE WATER
3. CREEK AND POND SEDIMENTS
4. AIR IN THE AREA OF THE CREEK AND POND
5. FISH CAUGHT FOR HUMAN CONSUMPTION

ALTHOUGH MANY CHEMICALS WERE DETECTED DURING THE SAMPLING ACTIVITIES,
ONLY A FEW OF THE CHEMICALS POSE A RISK TO HUMAN HEALTH.

THE IDENTIFIED INDICATOR CHEMICALS IN THE ARMY CREEK/POND SURFACE WATER
INCLUDED: (1)(2)(3) BIS (2-CHLOROETHYL) ETHER, (2)(3)1,2-DICHLOROETHANE,
(1) CADMIUM, (1) CHROMIUM, (1) MERCURY, (1) NICKEL AND (1) ZINC. THE
HUMAN HEALTH RISK ASSESSMENT WAS CALCULATED USING THE MAXIMUM
CONCENTRATION IDENTIFIED IN THE SURFACE WATER.

THE IDENTIFIED INDICATOR CHEMICALS IN THE ARMY CREEK/POND SEDIMENTS
INCLUDED: (3) BENZO (A) PYRENE, (1) ARSENIC, (1) CHROMIUM, (1) LEAD, (1)
MERCURY, (1) NICKEL AND (1) ZINC. THE HUMAN HEALTH RISK WAS CALCULATED
USING THE MAXIMUM CONCENTRATION IDENTIFIED IN THE SEDIMENTS.

THE IDENTIFIED INDICATOR CHEMICALS IN THE RECOVERY WELL DISCHARGES
INCLUDED: (1)(2)(3) BENZENE, (1)(2)(3) BIS (2-CHLOROETHYL) ETHER,
(1)(2)(3) 1,2-DICHLOROETHANE, (1) ARSENIC, (1) NICKEL AND (1) ZINC. THE
HUMAN HEALTH RISK WAS CALCULATED USING THE FLOW-WEIGHTED AVERAGE
CONCENTRATION IDENTIFIED ASSUMING A SINGLE DISCHARGE POINT.
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(1) POTENTIAL CONTAMINANT OF CONCERN WITH RESPECT TO INADVERTENT
INGESTION ROUTE.

(2) POTENTIAL CONTAMINANT OF CONCERN WITH RESPECT TO THE INHALATION
ROUTE.

(3) POTENTIAL CONTAMINANT OF CONCERN WITH RESPECT TO THE DERMAL CONTACT
ROUTE.

THE IDENTIFIED INORGANIC INDICATOR CHEMICAL IN FISH TISSUE WAS ZINC,
ORGANIC ANALYSES IS FORTHCOMING. BIS (2-CHLOROETHYL) ETHER WAS
IDENTIFIED AS A POTENTIAL INDICATOR CHEMICAL BASED ON ITS PRESENCE IN
ARMY CREEK AND ITS ACCEPTED BIOCONCENTRATION FACTOR.

POTENTIALLY EXPOSED HUMAN AND ENVIRONMENTAL RECEPTORS (PLANTS AND
ANIMALS) ARE AS FOLLOWS:

1. PERSONS TRESPASSING ON THE SITE

2. PERSONS RESIDING OR WORKING DOWNWIND (TO THE NORTH) OF THE SITE

3. AQUATIC BIOTA IN ARMY CREEK/POND

4. TERRESTRIAL FLORA AND FAUNA LIVING ON SITE OR SEASONALLY USING THE
SITE

MONITORING ACTIVITIES HAVE SHOWN THAT THE ARTESIAN WATER COMPANY
PRODUCTION WELLS, USED FOR POTABLE WATER SUPPLY IN THE AREA, HAVE NOT
BEEN ADVERSELY AFFECTED BY SITE-RELATED CONTAMINATION. THE CONTINUED
OPERATION OF THE RECOVERY WELL NETWORK WILL PREVENT THEM FROM BECOMING
CONTAMINATED IN THE FUTURE.

IDENTIFIED POTENTIAL HUMAN EXPOSURE ROUTES INCLUDED:

.1. INADVERTENT INGESTION OF GROUNDWATER RECOVERY WELL DISCHARGES (E.G.,
BEING SPLASHED IN THE FACE), AND SURFACE WATER (E.G., FALLING INTO
THE POND)

2. INHALATION OF VOLATILE ORGANIC COMPOUNDS FROM GROUNDWATER RECOVERY
WELL DISCHARGES AND SURFACE WATER (E.G., WHILE PLAYING IN OR NEAR
THE POND)

3. DERMAL ABSORPTION OF CONTAMINANTS FROM INADVERTENT EXPOSURE TO
RECOVERED GROUNDWATER (E.G., BEING SPLASHED BY DISCHARGE) OR SURFACE
WATER (E.G., FALLING INTO THE POND)

4. FISH CONSUMPTION BY RECREATIONAL ANGLERS

TO CALCULATE THE RISK TO PUBLIC HEALTH, CERTAIN EXPOSURE ESTIMATES WERE
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MADE BASED ON HUMAN ACTIVITY PATTERNS.

* THE INGESTION RATE OF BOTH SURFACE WATER AND RECOVERY WELL
DISCHARGES WAS SET AT 0.1 LITER/DAY FOR A 70-KG ADULT AND A 30-KG
CHILD. THE ABSORPTION FRACTION WAS SPECIFIED AS 100 PERCENT OF ALL
CONTAMINANTS.

* THE INHALATION RATE WAS SET AT 1 M3/DAY FOR BOTH A 70-KG ADULT AND A
30-KG CHILD. THE ABSORPTION FRACTION WAS SPECIFIED AS 100 PERCENT
OF ALL AIR CONTAMINANTS.

* THE SEDIMENT INGESTION RATE WAS SET AT 50 MG/DAY FOR A 70-KG ADULT
AND A 30-KG CHILD.

* THE DERMAL ABSORPTION EXPOSURE ESTIMATES WERE BASED ON SURFACE AREAS
OF 8,750 CM2 AND 19,400 CM2 FOR 100 PERCENT BODY EXPOSURE FOR A
CHILD AND ADULT, RESPECTIVELY.

COMMON TO ALL EVALUATED SCENARIOS, THE EXPOSURE FREQUENCIES WERE SIX
EXPOSURES IN 30 YEARS FOR ADULTS AND ONE EXPOSURE PER YEAR FOR SIX YEARS
FOR A CHILD. CARCINOGENIC RISK WAS BASED ON AN EXPOSURE DURATION OF 30
YEARS. CARCINOGENIC RISK FOR A CHILD WAS BASED ON AN EXPOSURE DURATION
OF SIX YEARS. A LIFETIME WAS CONSIDERED TO BE 70 YEARS.

THE EXPOSURE ESTIMATE FOR INGESTION OF CONTAMINATED FISH WAS SET AT 5.2
G/DAY WHICH IS THE AVERAGE CONSUMPTION RATE OF FRESHWATER FISH BY
RECREATIONAL ANGLERS IN DELAWARE. THIS EXPOSURE ASSESSMENT ASSUMES THAT
100 PERCENT OF THE FRESHWATER FISH CONSUMED BY THE RECEPTOR ARE TAKEN
FROM ARMY CREEK/POND. IT IS UNLIKELY THAT A HIGHER CONSUMPTION RATE
WILL BE REALIZED BASED ON THE SIZE OF THE CREEK AND RESEARCH CONDUCTED
BY THE DELAWARE DIVISION OF FISH AND WILDLIFE INDICATING 'EXTREMELY LOW
CATCHES' IN ARMY CREEK.

TOXICITY ASSESSMENT SUMMARY

CANCER POTENCY FACTORS (CPFS) HAVE BEEN DEVELOPED BY EPA'S CARCINOGENIC
ASSESSMENT GROUP FOR ESTIMATING EXCESS LIFETIME CANCER RISKS ASSOCIATED
WITH EXPOSURE TO POTENTIALLY CARCINOGENIC CHEMICALS (TABLE 7). CPFS,
WHICH ARE EXPRESSED IN UNITS OF (MG/KG-DAY)-1, ARE MULTIPLIED BY THE
ESTIMATED INTAKE OF A POTENTIAL CARCINOGEN, IN MG/KG-DAY, TO PROVIDE AN
UPPER-BOUND ESTIMATE OF THE EXCESS LIFETIME CANCER RISK ASSOCIATED WITH
EXPOSURE AT THE INTAKE LEVEL. THE TERM 'UPPER BOUND' REFLECTS THE
CONSERVATIVE ESTIMATE OF THE RISKS CALCULATED FROM THE CPF. USE OF THIS
APPROACH MAKES UNDERESTIMATION OF THE ACTUAL CANCER RISK HIGHLY
UNLIKELY. CANCER POTENCY FACTORS ARE DERIVED FROM THE RESULTS OF HUMAN
EPIDEMIOLOGICAL STUDIES OR CHRONIC ANIMAL BIOASSAYS TO WHICH
ANIMAL-TO-HUMAN EXTRAPOLATION AND UNCERTAINTY FACTORS HAVE BEEN APPLIED.

REFERENCE DOSES (RFDS) HAVE BEEN DEVELOPED BY EPA FOR INDICATING THE
POTENTIAL FOR ADVERSE HEALTH EFFECTS FROM EXPOSURE TO CHEMICALS
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EXHIBITING NONCARCINOGENIC EFFECTS (TABLE 7). RFDS, WHICH ARE EXPRESSED
IN UNITS OF MG/KG-DAY, ARE ESTIMATES OF LIFETIME DAILY EXPOSURE LEVELS
FOR HUMANS, INCLUDING SENSITIVE INDIVIDUALS. ESTIMATED INTAKES OF
CHEMICALS FROM ENVIRONMENTAL MEDIA (E.G., THE AMOUNT OF A CHEMICAL
INGESTED FROM CONTAMINATED WATER) CAN BE COMPARED TO THE RFD. RFDS ARE
DERIVED FROM HUMAN EPIDEMIOLOGICAL STUDIES OR ANIMAL STUDIES TO WHICH
UNCERTAINTY FACTORS HAVE BEEN APPLIED (E.G., TO ACCOUNT FOR THE USE OF
ANIMAL DATA TO PREDICT EFFECTS ON HUMANS). THESE UNCERTAINTY FACTORS
HELP ENSURE THAT THE RFDS WILL NOT UNDERESTIMATE THE POTENTIAL FOR
ADVERSE NONCARCINOGENIC EFFECTS TO OCCUR.

RISK CHARACTERIZATION SUMMARY

EXCESS LIFETIME CANCER RISKS ARE DETERMINED BY MULTIPLYING THE INTAKE
LEVEL WITH THE CANCER POTENCY FACTOR. THESE RISKS ARE PROBABILITIES
THAT ARE GENERALLY EXPRESSED IN SCIENTIFIC NOTATION (E.G., 1 X (10-6) OR
IE-6). AN EXCESS LIFETIME CANCER RISK OF 1 X (10-6) INDICATES THAT, AS
A PLAUSIBLE UPPER BOUND, AN INDIVIDUAL HAS A ONE IN ONE MILLION CHANCE
OF DEVELOPING CANCER AS A RESULT OF SITE-RELATED EXPOSURE TO A
CARCINOGEN OVER A 70-YEAR LIFETIME UNDER THE SPECIFIC EXPOSURE
CONDITIONS AT A SITE. THE SUMMARY OF TOTAL POTENTIAL CARCINOGENIC RISKS
(TABLE 8) SHOWS THAT NONE OF THE EXPOSURE SCENARIOS AT THIS SITE, WITH
RESPECT TO SURFACE WATER AND SEDIMENTS, PRESENT AN UNACCEPTABLE RISK TO
HUMAN HEALTH.

THE POTENTIAL FOR HEALTH EFFECTS RESULTING FROM EXPOSURE TO
NONCARCINOGENIC COMPOUNDS IS ESTIMATED BY COMPARING AN ESTIMATED DAILY
DOSE TO AN ACCEPTABLE LEVEL. IF THE RATIO EXCEEDS 1.0, THERE IS A
POTENTIAL HEALTH RISK ASSOCIATED WITH EXPOSURE TO THAT PARTICULAR
CHEMICAL. THE RATIOS CAN BE ADDED FOR EXPOSURES TO MULTIPLE
CONTAMINANTS. THE SUM, KNOWN AS A HAZARD INDEX, IS NOT A MATHEMATICAL
PREDICTION OF THE SEVERITY OF TOXIC EFFECTS, BUT RATHER A NUMERICAL
INDICATOR OF THE TRANSITION FROM ACCEPTABLE TO UNACCEPTABLE LEVELS.
TABLE 9 PRESENTS A SUMMARY OF THE TOTAL POTENTIAL HAZARD INDICES FOR THE
EXPOSURE SCENARIOS PREVIOUSLY DISCUSSED. SINCE NONE OF THE TOTAL HAZARD
INDICES EXCEEDS 1.0, THERE IS NO CAUSE OF CONCERN FOR NONCARCINOGENIC
HAZARD TO HUMAN HEALTH AT THE ARMY CREEK SITE.

ENVIRONMENTAL RISKS

EPA CONDUCTED A SURVEY OF THE AQUATIC LIFE PRESENT IN ARMY POND WHICH
IDENTIFIED A VERY LOW NUMBER OF SPECIES IN THE POND. IN ADDITION, 95
PERCENT OF THOSE SPECIES FOUND IN THE POND WERE POLLUTION TOLERANT
ORGANISMS, INDICATING POOR WATER QUALITY. NUMERIC SURFACE WATER QUALITY
CRITERIA HAVE BEEN DEVELOPED BY EPA AND DNREC (PROMULGATED DELAWARE
SURFACE WATER QUALITY STANDARDS (DSWQS)) AND ARE OF PRIMARY UTILITY IN
ASSESSING ACUTE AND CHRONIC TOXICITY EFFECTS IN AQUATIC ORGANISMS.
CONTAMINANT-SPECIFIC MAXIMUM LEVELS HAVE BEEN ESTABLISHED IN ADDITION TO
THE NARRATIVE CRITERIA FOR THE PROTECTION OF FRESHWATER AQUATIC LIFE.
THE FOLLOWING CONTAMINANTS WERE FOUND TO EXCEED THE NUMERIC CRITERIA FOR
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FRESHWATER AQUATIC LIFE SET BY DNREC IN THE SURFACE WATER: CADMIUM,
CHROMIUM, IRON, MERCURY, AND ZINC (TABLE 4}. THERE ARE THREE POTENTIAL
SOURCES OF SURFACE WATER CONTAMINATION.

1. RECOVERED GROUNDWATER DISCHARGED TO THE SURFACE WATER
2. LEACHATE SEEPS FROM THE ARMY CREEK LANDFILL
3. OFFSITE/ONSITE SURFACE RUNOFF

THE AVERAGE VALUE FOR CONTAMINANTS IDENTIFIED IN THE RECOVERED
GROUNDWATER DISCHARGES WAS COMPUTED. THE ONLY CONTAMINANT FOUND TO
EXCEED THE NUMERIC DSWQS FOR PROTECTION OF FRESHWATER AQUATIC LIFE IN
THE DISCHARGE IS IRON (TABLE 4). THIS INDICATES THAT THE SOURCE OF
CADMIUM, CHROMIUM, MERCURY AND ZINC IS EITHER THE LEACHATE SEEPS OR
SURFACE RUNOFF FROM THE DRAINAGE AREA.

THE INSTALLATION OF THE HYDRAULIC BARRIER (CAP) IN ACCORDANCE WITH THE
FIRST RECORD OF DECISION WILL REDUCE THE LEACHING OF CONTAMINANTS FROM
THE LANDFILL AND MODIFY THE FLOW OF RUNOFF IN THE AREA OF THE LANDFILL
SURFACE (FIRST OPERABLE UNIT). IF THE RECOVERED GROUNDWATER IS TREATED
TO REDUCE THE CONCENTRATION OF IRON (REMEDIAL OBJECTIVE OF SECOND
OPERABLE UNIT) PRIOR TO BEING DISCHARGED TO ARMY CREEK/POND, THE NUMERIC
DSWQS KNOWN TO BE PROTECTIVE OF THE AQUATIC ENVIRONMENT SHOULD BE
ACHIEVED.

ACTUAL OR THREATENED RELEASES OF HAZARDOUS SUBSTANCES FROM THIS SITE, IF
NOT ADDRESSED BY IMPLEMENTING THE RESPONSE ACTION SELECTED IN THIS ROD,
MAY PRESENT AN IMMINENT AND SUBSTANTIAL ENDANGERMENT TO THE ENVIRONMENT.

VII. DESCRIPTION OF ALTERNATIVES

THE REMEDIAL INVESTIGATION FOUND THAT NEITHER THE SURFACE WATER NOR THE
RECOVERY WELL DISCHARGES PRESENT AN UNACCEPTABLE RISK TO HUMAN HEALTH OR
WELFARE; HOWEVER, THE MOST RECENT SAMPLING RESULTS INDICATE THAT THE
DISCHARGES MAY BE CONTRIBUTING TO AN EXCURSION OF THE DSWQS NUMERIC
CRITERION FOR BIS (2-CHLOROETHYL) ETHER ESTABLISHED FOR PROTECTION OF
HUMAN HEALTH VIA THE FISH CONSUMPTION EXPOSURE ROUTE. THE AVAILABLE
DATA IS INSUFFICIENT TO DETERMINE IF THE REPORTED LEVELS ARE
REPRESENTATIVE OF THE CHARACTER OF THE RECOVERED GROUNDWATER OR AN
ANOMALY; HENCE, CHEMICAL-SPECIFIC TREATMENT WILL NOT YET BE PROPOSED.
THE REMEDIAL OBJECTIVE OF OPERABLE UNIT TWO IS TO ENSURE THAT THE
RECOVERY WELL DISCHARGES DO NOT EXCEED THE APPLICABLE REQUIREMENTS SET
FORTH IN THE DSWQS THAT ARE PROTECTIVE OF THE DESIGNATED USES OF ARMY
CREEK/POND. BASED ON HISTORICAL AND RECENT ANALYSES, THE LEVEL OF IRON
IN THE DISCHARGES DEFINITIVELY CONTRIBUTE TO AN 'IN STREAM'
CONCENTRATION THAT EXCEEDS THE NUMERIC CRITERION KNOWN TO BE PROTECTIVE
OF THE AQUATIC ENVIRONMENT. A REDUCTION OF IRON PRIOR TO SURFACE WATER
DISCHARGE IS THEREFORE REQUIRED.

FOUR REMEDIAL ALTERNATIVES (INCLUDING NO ACTION) WERE DEVELOPED AS
POSSIBLE RESPONSE ACTIONS FOR PROVIDING A LEVEL OF WATER QUALITY IN THE
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RECOVERY WELL DISCHARGES THAT IS PROTECTIVE OF THE AQUATIC ENVIRONMENT.
EACH ALTERNATIVE INCLUDES A CHEMICAL AND BIOLOGICAL MONITORING PLAN. IN
THE EVENT THAT FURTHER MONITORING FINDS THE DISCHARGES TO BE EXCEEDING
THE NUMERIC OR NARRATIVE CRITERIA LISTED IN THE DSWQS, A COMPLIANCE
PROGRAM WILL BE DEVELOPED AND IMPLEMENTED (EXCEPTING NO ACTION).

THE (RECOVERED) GROUNDWATER MONITORING PLAN DESCRIBED IN THE PROPOSED
PLAN WAS INCORRECTLY IDENTIFIED AS BEING UNDERTAKEN IN COMPLIANCE WITH
RCRA SUBPART F, 40 CFR 264.100. REFERENCE TO THE STATUTE HAS BEEN
DELETED FROM THIS DOCUMENT.

ALTERNATIVE #1: NO ACTION - MONITORING ONLY

CAPITAL COST: 0*
ANNUAL OPERATION AND MAINTENANCE (O&M) COSTS: 0*
PRESENT WORTH: 0*
MONTHS TO IMPLEMENT: 0*

THE FIRST OPERABLE UNIT RECORD OF DECISION REQUIRES THAT GROUNDWATER BE
EXTRACTED FROM THE AQUIFER ADJACENT TO THE SITE. GROUNDWATER IS
CURRENTLY RECOVERED FROM THE LOCAL AQUIFER BY A SERIES OF WELLS WHICH
COMPRISE A RECOVERY WELL NETWORK. UNDER THE NO ACTION SCENARIO THIS
RECOVERED GROUNDWATER WOULD CONTINUE TO BE DISCHARGED INTO ARMY
CREEK/POND UNTREATED. THE CALCULATED AVERAGE CONCENTRATION OF IRON
BEING DISCHARGED FROM THE RECOVERY WELL NETWORK IS IN THE RANGE OF 6,000
TO 12,000 UG/L. THIS IS WELL ABOVE THE DELAWARE SURFACE WATER QUALITY
STANDARD OF 1,000 UG/L CONSIDERED TO BE PROTECTIVE OF THE AQUATIC
ENVIRONMENT.

THIS ALTERNATIVE ALSO INCLUDES LONG-TERM MONITORING OF THE SURFACE
WATER, SEDIMENTS AND RECOVERED GROUNDWATER QUALITY TO GAUGE THE
EFFECTIVENESS OF THE REMEDY, AND A WETLAND MONITORING AND EVALUATION
PLAN CONSISTENT WITH THE RECORD OF DECISION ISSUED FOR THE ADJACENT
DELAWARE SAND & GRAVEL SITE. CHEMICAL AND BIOLOGICAL MONITORING OF
TREATED GROUNDWATER EFFLUENT WILL BE CONDUCTED CONSISTENT WITH NPDES
REQUIREMENTS (TO ENSURE THAT CRITERIA AND STANDARDS PURSUANT TO SECTION
304(A) OF THE CLEAN WATER ACT ARE BEING ATTAINED). AT LEAST TWO SURFACE
WATER AND SEDIMENT SAMPLING EVENTS IN ARMY CREEK/POND WILL BE REQUIRED
TO ASSESS HABITAT QUALITY: AT FIVE YEARS AFTER COMPLETION OF THE
LANDFILL CAP (CONSISTENT WITH OU1 ROD) AND AT ONE YEAR AFTER PUMPING AND
TREATMENT HAS CEASED. THE SURFACE WATER AND SEDIMENT SAMPLING WILL
INCLUDE CHEMISTRY ANALYSES AND TOXICITY TESTING (USING CHRONIC SURFACE
WATER AND SEDIMENT BIOASSAYS).

ARMY CREEK LANDFILL HAS AFFECTED THE HABITAT (SURFACE WATER AND
SEDIMENT) QUALITY AND THE HYDROLOGY OF ARMY CREEK/POND AND ITS
ASSOCIATED WETLANDS. THE ARMY CREEK WATERSHED, PREVIOUS TO THE
EXISTENCE OF ARMY CREEK LANDFILL, SUPPORTED VALUABLE WETLAND HABITAT.
THE WETLAND AREAS WILL BE MONITORED TO ENSURE THAT COMPARABLE HABITAT
VALUES WILL BE MAINTAINED.
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ALTERNATIVE #2: CONVENTIONAL WATER TREATMENT

CAPITAL COST: $1,874,250*
ANNUAL O&M COST: 260,860*
PRESENT WORTH: 3,900,000*
MONTHS TO IMPLEMENT: 14*

* ALL COST AND IMPLEMENTATION TIMES ARE ESTIMATED.

THIS ALTERNATIVE INVOLVES THE CONSTRUCTION AND OPERATION OF A
CONVENTIONAL PRECIPITATION WATER TREATMENT PLANT. THE WATER EXTRACTED
BY THE RECOVERY WELL NETWORK WOULD BE PASSED THROUGH A COMBINATION OF
UNIT PROCESSES INCLUDING AERATION (CASCADE AERATION), PRECIPITATION
(PH ADJUSTMENT AND POLYMER ADDITION), AND FILTRATION (SAND FILTRATION)
BEFORE BEING DISCHARGED TO ARMY CREEK/POND. SUPPORT PROCESSES INCLUDE
SLUDGE THICKENING AND DEWATERING. SLUDGE GENERATED BY THE TREATMENT
PROCESS WILL BE SAMPLED AND DISPOSED OF APPROPRIATELY.

THIS PLANT IS ANTICIPATED TO REDUCE THE IRON CONCENTRATION IN THE
RECOVERED GROUNDWATER FROM THE CURRENT RANGE OF 6,000 TO 12,000 UG/L TO
LESS THAN 5,000 UG/L, BUT NOT TO THE 1,000 UG/L TARGET LEVEL. THE
TREATMENT PLANT WILL REDUCE THE VOLUME OF IRON IN THE RECOVERED
GROUNDWATER DISCHARGE BY REDUCING THE CONCENTRATION. THE MOBILITY AND
POTENTIAL TOXICITY TO AQUATIC LIFE ASSOCIATED WITH IRON IN THE RECOVERED
GROUNDWATER WOULD BE REDUCED SLIGHTLY.

THIS ALTERNATIVE ALSO INCLUDES LONG-TERM MONITORING OF THE SURFACE
WATER, SEDIMENTS AND RECOVERED GROUNDWATER QUALITY TO GAUGE THE
EFFECTIVENESS OF THE REMEDY, AND A WETLAND MONITORING AND EVALUATION
PLAN CONSISTENT WITH THE RECORD OF DECISION ISSUED FOR THE ADJACENT
DELAWARE SAND & GRAVEL SITE. CHEMICAL AND BIOLOGICAL MONITORING OF
TREATED GROUNDWATER EFFLUENT WILL BE CONDUCTED CONSISTENT WITH NPDES
REQUIREMENTS (TO ENSURE THAT CRITERIA AND STANDARDS PURSUANT TO SECTION
304(A) OF THE CLEAN WATER ACT ARE BEING ATTAINED). AT LEAST TWO SURFACE
WATER AND SEDIMENT SAMPLING EVENTS IN ARMY CREEK/POND WILL BE REQUIRED
TO ASSESS HABITAT QUALITY: AT FIVE YEARS AFTER COMPLETION OF THE
LANDFILL CAP (CONSISTENT WITH OU1 ROD ALL COST AND IMPLEMENTATION TIMES
ARE ESTIMATED AND AT ONE YEAR AFTER PUMPING AND TREATMENT HAS CEASED.
THE SURFACE WATER AND SEDIMENT SAMPLING WILL INCLUDE CHEMISTRY ANALYSES
AND TOXICITY TESTING (USING CHRONIC SURFACE WATER AND SEDIMENT
BIOASSAYS).

ARMY CREEK LANDFILL HAS AFFECTED THE HABITAT (SURFACE WATER AND
SEDIMENT) QUALITY AND THE HYDROLOGY OF ARMY CREEK/POND AND ITS
ASSOCIATED WETLANDS. THE ARMY CREEK WATERSHED, PREVIOUS TO THE
EXISTENCE OF ARMY CREEK LANDFILL, SUPPORTED VALUABLE WETLAND HABITAT.
THE WETLAND AREAS WILL BE MONITORED TO ENSURE THAT COMPARABLE HABITAT
VALUES WILL BE MAINTAINED.
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THE ARMY POND HABITAT WILL BE MANAGED DURING GROUNDWATER TREATMENT AND
FOR A PERIOD OF FIVE(5) YEARS AFTER CESSATION OF GROUNDWATER TREATMENT
TO ENSURE THE DOMINANCE OF SPECIES BENEFICIAL TO FISH AND WILDLIFE, AND
TO CONTROL LESS DESIRABLE REED GRASSES (PHRAGMITES SPP.). MONITORING OF
PLANT SPECIES COMPOSITION AND IMPLEMENTATION OF A MANAGEMENT PLAN WILL
BE REVIEWED BY THE APPROPRIATE STATE AND FEDERAL NATURAL RESOURCE
MANAGERS.

ALTERNATIVE #3: MODIFIED CONVENTIONAL WATER TREATMENT

CAPITAL COST: $2,710,000*
ANNUAL O&M COST: 294,000*
PRESENT WORTH: 4,900,000*
MONTHS TO IMPLEMENT: 14*

IN ORDER TO ENSURE ACHIEVING THE 1,000 UG/L IRON SURFACE WATER STANDARD
IN THE RECOVERED GROUNDWATER PRIOR TO DISCHARGING TO ARMY POND,
MODIFICATIONS TO THE CONVENTIONAL WATER TREATMENT (ALTERNATIVE 2) CAN BE
INCORPORATED. THIS 'MODIFIED' CONVENTIONAL TREATMENT PLANT IS
ALTERNATIVE 3. PRELIMINARY ENGINEERING EVALUATIONS INDICATE THAT THESE
MODIFICATIONS SHOULD SATISFY THE OBJECTIVES; HOWEVER, OTHER
MODIFICATIONS TO THE CONVENTIONAL PRECIPITATION WATER TREATMENT PLANT
MIGHT BE EQUALLY EFFECTIVE AND THEREFORE ACCEPTABLE.

THIS ALTERNATIVE INVOLVES THE CONSTRUCTION AND OPERATION OF A 'MODIFIED'
CONVENTIONAL PRECIPITATION WATER TREATMENT PLANT. THE WATER EXTRACTED
BY THE RECOVERY WELL NETWORK WOULD BE PASSED THROUGH A COMBINATION OF
UNIT PROCESSES INCLUDING AN INFLUENT FLOW EQUALIZATION CHAMBER, AERATION
(CASCADE AERATION WITH A BLOWER), PRECIPITATION (PH ADJUSTMENT AND
POLYMER ADDITION), SEDIMENTATION (SETTLING AND THICKENING CHAMBER), AND
GRANULAR MEDIA FILTRATION BEFORE BEING DISCHARGED TO ARMY CREEK/POND.
SUPPORT PROCESSES INCLUDE SLUDGE THICKENING AND DEWATERING. SLUDGE
GENERATED BY THE TREATMENT PROCESS WILL BE SAMPLED AND DISPOSED OF
APPROPRIATELY.

BY MEETING THE CONTAMINANT-SPECIFIC ARAR (IRON DSWQS NUMERIC CRITERION
OF 1,000 UG/L), THE EFFLUENT FROM THE TREATMENT PLANT SHOULD BE
PROTECTIVE OF THE AQUATIC ENVIRONMENT. THE TREATMENT PLANT WOULD REDUCE
THE VOLUME OF IRON BEING DISCHARGED INTO ARMY CREEK/POND AND THE
MOBILITY WOULD ALSO BE REDUCED. THE POTENTIAL TOXICITY TO AQUATIC LIFE
ASSOCIATED WITH IRON IN THE RECOVERED GROUNDWATER WOULD BE ELIMINATED.
THE FACILITY SHOULD BE DESIGNED IN SUCH A MANNER THAT THIS ALTERNATIVE
ALSO INCLUDES LONG-TERM MONITORING OF THE SURFACE WATER, SEDIMENTS AND
RECOVERED GROUNDWATER QUALITY TO GAUGE SUBSEQUENT MODIFICATIONS MAY BE
INCORPORATED IN THE EVENT THAT THE CHARACTERISTICS OF THE INFLUENT
(RECOVERED GROUNDWATER) CHANGE.THE EFFECTIVENESS OF THE REMEDY, AND A
WETLAND MONITORING AND EVALUATION PLAN CONSISTENT WITH THE RECORD OF
DECISION ISSUED FOR THE ADJACENT DELAWARE SAND & GRAVEL SITE. CHEMICAL
AND BIOLOGICAL MONITORING OF TREATED GROUNDWATER EFFLUENT WILL BE
CONDUCTED CONSISTENT WITH NPDES REQUIREMENTS (TO ENSURE THAT CRITERIA
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AND STANDARDS PURSUANT TO SECTION 304(A) OF THE CLEAN WATER ACT ARE
BEING ATTAINED). AT LEAST TWO SURFACE WATER AND SEDIMENT SAMPLING
EVENTS IN ARMY CREEK/POND WILL BE REQUIRED TO ASSESS HABITAT QUALITY:
AT FIVE YEARS AFTER COMPLETION OF THE LANDFILL CAP (CONSISTENT WITH OU1
ROD) AND AT ONE YEAR AFTER PUMPING AND TREATMENT HAS CEASED. THE
SURFACE WATER AND SEDIMENT SAMPLING WILL INCLUDE CHEMISTRY ANALYSES AND
TOXICITY TESTING (USING CHRONIC SURFACE WATER AND SEDIMENT BIOASSAYS).

ARMY CREEK LANDFILL HAS AFFECTED THE HABITAT (SURFACE WATER AND
SEDIMENT) QUALITY AND THE HYDROLOGY OF ARMY CREEK/POND AND ITS
ASSOCIATED WETLANDS. THE ARMY CREEK WATERSHED, PREVIOUS TO THE
EXISTENCE OF ARMY CREEK LANDFILL, SUPPORTED VALUABLE WETLAND HABITAT.
THE WETLAND AREAS WILL BE MONITORED TO ENSURE THAT COMPARABLE HABITAT
VALUES WILL BE MAINTAINED.

THE ARMY POND HABITAT WILL BE MANAGED DURING GROUNDWATER TREATMENT AND
FOR A PERIOD OF FIVE (5) YEARS AFTER CESSATION OF GROUNDWATER TREATMENT
TO ENSURE THE DOMINANCE OF SPECIES BENEFICIAL TO FISH AND WILDLIFE, AND
TO CONTROL LESS DESIRABLE REED GRASSES (PHRAGMITES SPP.). MONITORING OF
PLANT SPECIES COMPOSITION AND IMPLEMENTATION OF A MANAGEMENT PLAN WILL
BE REVIEWED BY THE APPROPRIATE STATE AND FEDERAL NATURAL RESOURCE
MANAGERS.

ALTERNATIVE #4: ENHANCED CONVENTIONAL TREATMENT PLANT

CAPITAL COST: $3,344,000*
ANNUAL O&M COST: 351,000*
PRESENT WORTH: 6,000,000*
MONTHS TO IMPLEMENT: 14*

THE 'ENHANCED' CONVENTIONAL WATER TREATMENT PLANT EMPLOYS EVEN FURTHER
MODIFICATION TO THE CONVENTIONAL WATER TREATMENT PLANT (ALTERNATIVE 2).
PRELIMINARY ENGINEERING EVALUATIONS INDICATE THAT THE ENHANCED
CONVENTIONAL WATER TREATMENT PLANT WOULD ACHIEVE IRON CONCENTRATIONS FAR
BELOW THE REMEDIAL ACTION OBJECTIVE OF 1,000 UG/L KNOWN TO BE PROTECTIVE
OF THE AQUATIC ENVIRONMENT.

THIS ALTERNATIVE INVOLVES THE CONSTRUCTION AND OPERATION OF AN
'ENHANCED' CONVENTIONAL PRECIPITATION WATER TREATMENT PLANT. THE WATER
EXTRACTED BY THE RECOVERY WELL NETWORK WOULD BE PASSED THROUGH A
COMBINATION OF UNIT PROCESSES INCLUDING AN INFLUENT FLOW EQUALIZATION
CHAMBER, AERATION (HIGH VELOCITY-NOZZLE AERATOR), PRECIPITATION (PH
ADJUSTMENT AND POLYMER ADDITION), SEDIMENTATION (SETTLING AND THICKENING
CHAMBER), GRANULAR MEDIA FILTRATION AND A CATALYTIC/ION EXCHANGE
POLISHER (USING 'GREEN SAND' ZEOLITE) BEFORE BEING DISCHARGED TO ARMY
CREEK. SUPPORT PROCESSES INCLUDE SLUDGE THICKENING AND DEWATERING.
SLUDGE GENERATED BY THE TREATMENT PROCESS WOULD BE SAMPLED AND DISPOSED
OF APPROPRIATELY.

* ALL COST AND IMPLEMENTATION TIMES ARE ESTIMATED.
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BY MEETING THE CONTAMINANT-SPECIFIC ARAR (IRON DSWQS NUMERIC CRITERION
OF 1,000 UG/L), THE DISCHARGE FROM THE TREATMENT PLANT SHOULD BE
PROTECTIVE OF THE AQUATIC ENVIRONMENT. THE TREATMENT PLANT WOULD REDUCE
THE VOLUME OF IRON BEING DISCHARGED INTO ARMY POND AND THE MOBILITY
WOULD ALSO BE REDUCED. THE POTENTIAL TOXICITY TO AQUATIC LIFE
ASSOCIATED WITH IRON IN THE RECOVERED GROUNDWATER WOULD BE ELIMINATED.

THIS ALTERNATIVE ALSO INCLUDES LONG-TERM MONITORING OF THE SURFACE
WATER, SEDIMENTS AND RECOVERED GROUNDWATER QUALITY TO GAUGE THE
EFFECTIVENESS OF THE REMEDY, AND A WETLAND MONITORING AND EVALUATION
PLAN CONSISTENT WITH THE RECORD OF DECISION ISSUED FOR THE ADJACENT
DELAWARE SAND & GRAVEL SITE. CHEMICAL AND BIOLOGICAL MONITORING OF
TREATED GROUNDWATER EFFLUENT WILL BE CONDUCTED CONSISTENT WITH NPDES
REQUIREMENTS (TO ENSURE THAT CRITERIA AND STANDARDS PURSUANT TO SECTION
304(A) OF THE CLEAN WATER ACT ARE BEING ATTAINED). AT LEAST TWO SURFACE
WATER AND SEDIMENT SAMPLING EVENTS IN ARMY CREEK/POND WILL BE REQUIRED
TO ASSESS HABITAT QUALITY: AT FIVE YEARS AFTER COMPLETION OF THE
LANDFILL CAP (CONSISTENT WITH OU1 ROD) AND AT ONE YEAR AFTER PUMPING AND
TREATMENT HAS CEASED. THE SURFACE WATER AND SEDIMENT SAMPLING WILL
INCLUDE CHEMISTRY ANALYSES AND TOXICITY TESTING (USING CHRONIC SURFACE
WATER AND SEDIMENT BIOASSAYS).

ARMY CREEK LANDFILL HAS AFFECTED THE HABITAT (SURFACE WATER AND
SEDIMENT) QUALITY AND THE HYDROLOGY OF ARMY CREEK/POND AND ITS
ASSOCIATED WETLANDS. THE ARMY CREEK WATERSHED, PREVIOUS TO THE
EXISTENCE OF ARMY CREEK LANDFILL, SUPPORTED VALUABLE WETLAND HABITAT.
THE WETLAND AREAS WILL BE MONITORED TO ENSURE THAT COMPARABLE HABITAT
VALUES WILL BE MAINTAINED.

THE ARMY POND HABITAT WILL BE MANAGED DURING GROUNDWATER TREATMENT AND
FOR A PERIOD OF FIVE (5) YEARS AFTER CESSATION OF GROUNDWATER TREATMENT
TO ENSURE THE DOMINANCE OF SPECIES BENEFICIAL TO FISH AND WILDLIFE, AND
TO CONTROL LESS DESIRABLE REED GRASSES (PHRAGMITES SPP.). MONITORING OF
PLANT SPECIES COMPOSITION AND IMPLEMENTATION OF A MANAGEMENT PLAN WILL
BE REVIEWED BY THE APPROPRIATE STATE AND FEDERAL NATURAL RESOURCE
MANAGERS.

VIII. SUMMARY OF THE COMPARATIVE ANALYSIS OF ALTERNATIVES

THE FOLLOWING NINE CRITERIA WERE USED IN THE EVALUATION OF THE REMEDIAL
ACTION ALTERNATIVES FOR OPERABLE UNIT II AT THE ARMY CREEK SITE.

THRESHOLD CRITERIA

1) OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT; AND

2) COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS.
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PRIMARY BALANCING CRITERIA

3) LONG-TERM EFFECTIVENESS AND PERMANENCE;

4) REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT;

5) SHORT-TERM EFFECTIVENESS;

6) IMPLEMENTABILITY; AND

7) COST.

MODIFYING CRITERIA

8) STATE/SUPPORT AGENCY ACCEPTANCE; AND

9) COMMUNITY ACCEPTANCE.

A BRIEF DESCRIPTION OF EACH OF THESE CRITERIA IS PROVIDED IN TABLE 10.

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

ALTERNATIVES #3 AND #4 WILL ACHIEVE THE REMEDIAL OBJECTIVES FOR THIS
SECOND OPERABLE UNIT. EACH OF THESE ALTERNATIVES PROVIDE FOR THE
EXTRACTED GROUNDWATER TO BE PASSED THROUGH A WATER TREATMENT FACILITY
WHICH WILL REDUCE THE IRON CONCENTRATION TO 1,000 UG/L (OR LESS IN THE

CASE OF ALTERNATIVE #4), WHICH IS KNOWN TO BE PROTECTIVE OF THE AQUATIC
ENVIRONMENT.

THE CONVENTIONAL WATER TREATMENT (ALTERNATIVE #2) FACILITY WOULD REDUCE
THE IRON CONCENTRATION IN THE RECOVERED GROUNDWATER FROM THE CURRENT
RANGE OF 6,000 TO 12,000 UG/L TO LESS THAN 5,000 UG/L, BUT NOT TO 1,000
UG/L, WHICH IS THE LEVEL KNOWN TO BE PROTECTIVE OF THE AQUATIC
ENVIRONMENT.

COMPLIANCE WITH ARARS

ALTERNATIVES #3 AND #4 WILL MEET THE CONTAMINANT-SPECIFIC ARAR FOR
SURFACE WATER DISCHARGE TO ARMY CREEK/POND BY ACHIEVING A MAXIMUM IRON
CONCENTRATION EQUAL TO OR LESS THAN THE CRITERION THAT HAS BEEN
ESTABLISHED BY DNREC PURSUANT TO SECTION 303 OF THE CLEAN WATER ACT.
SURFACE WATER QUALITY CRITERIA ARE 'IN STREAM' MAXIMUM CONCENTRATIONS
THAT ARE USED BY THE NPDES PROGRAM TO DETERMINE MAXIMUM ALLOWABLE
CONCENTRATIONS IN SURFACE WATER DISCHARGES. IN ACCORDANCE WITH THE
DELAWARE SURFACE WATER QUALITY STANDARDS, WHEN CALCULATING THE MAXIMUM
ALLOWABLE DISCHARGE CONCENTRATION FOR THE PROTECTION OF AQUATIC LIFE
(CHRONIC TOXICITY), THE EFFECT OF DILUTION IS BASED ON THE LOWEST FLOW
OVER A SEVEN-DAY PERIOD WITH A RECURRENCE INTERVAL OF TEN YEARS. SINCE
THE UPSTREAM PORTION OF ARMY CREEK IS CONSIDERED TO BE AN INTERMITTENT
STREAM, LITTLE DILUTION EFFECT CAN BE CALCULATED; THEREFORE, THE
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CONCENTRATION OF IRON IN THE EFFLUENT MUST COME CLOSE TO MEETING THE
MAXIMUM ALLOWABLE 'IN STREAM' STANDARDS. IN THE EVENT THAT ACTIVITIES
UNDERTAKEN IN ACCORDANCE WITH THE MONITORING PLAN CONFIRM THAT THE LEVEL
OF BIS (2-CHLOROETHYL) ETHER IS CONTRIBUTING TO THE EXCURSION OF THE
APPLICABLE CRITERION OR FIND THAT THE CHARACTERISTICS OF THE RECOVERED
GROUNDWATER CHANGE SO THAT THE APPLICABLE SURFACE WATER STANDARDS ARE
NOT BEING MET, A COMPLIANCE PLAN WILL BE DEVELOPED AND IMPLEMENTED.
ACTION-SPECIFIC ARARS, SUCH AS OSHA HEALTH AND SAFETY REQUIREMENTS, MUST
BE MET AT THE TREATMENT FACILITY AND WILL BE FURTHER EVALUATED DURING
REMEDIAL DESIGN ACTIVITIES.

ALTERNATIVE #2 WILL REDUCE THE IRON CONCENTRATION IN THE RECOVERED
GROUNDWATER TO LESS THAN 5,000 UG/L BUT WILL NOT ATTAIN THE AMBIENT
WATER QUALITY CRITERION OF 1,000 UG/L WHICH IS KNOWN TO BE PROTECTIVE OF
THE AQUATIC ENVIRONMENT.

ALTERNATIVES #2, #3 AND #4 WILL MEET THE LOCATION-SPECIFIC ARARS FOR
PROTECTION AND MANAGEMENT OF FLOODPLAINS AND WETLANDS PURSUANT TO
FEDERAL EXECUTIVE ORDERS 11988 AND 11990 AND STATE EXECUTIVE ORDER 56.
LONG-TERM MONITORING AND WETLAND EVALUATION AND MANAGEMENT WILL MEET THE
REQUIREMENT TO MINIMIZE THE LOSS OR DEGRADATION OF WETLANDS, TO RESTORE
AND REHABILITATE THE WETLAND HABITAT; AND TO PRESERVE THE NATURAL AND
BENEFICIAL VALUES WITHIN THE FLOODPLAIN.

LONG-TERM EFFECTIVENESS

THE LONG-TERM EFFECTIVENESS OF BOTH ALTERNATIVES #3 AND #4 IS
ANTICIPATED TO BE GOOD. THE EFFECTIVENESS WILL BE MAINTAINED AS LONG AS
THE TREATMENT PLANT CONSTRUCTED IS OPERATED AND THE LANDFILL CAP
CONTINUES TO FUNCTION AS A HYDRAULIC BARRIER. THE TREATMENT OF THE
RECOVERED GROUNDWATER WILL BE REQUIRED UNTIL THE RECOVERY WELL NETWORK
CAN BE SHUT DOWN OR THE EXTRACTED GROUNDWATER MEETS A LEVEL OF WATER
QUALITY THAT IS PROTECTIVE OF THE DESIGNATED USES OF ARMY CREEK/POND
PRIOR TO TREATMENT.

ALTERNATIVE #2 WILL ONLY ATTAIN MARGINAL EFFECTIVENESS BY REDUCING IRON
CONCENTRATIONS TO LESS THAN 5,000 UG/L. THE MARGINAL EFFECTIVENESS
ATTAINED WILL BE MAINTAINED AS LONG AS THE TREATMENT PLANT CONSTRUCTED
IS OPERATED AND THE LANDFILL CAP CONTINUES TO FUNCTION AS A HYDRAULIC
BARRIER.

REDUCTION OF TOXICITY, MOBILITY AND VOLUME

ALTERNATIVES #2, #3 AND #4 USE TREATMENT TO REDUCE THE TOXICITY,
MOBILITY AND VOLUME OF IRON IN THE RECOVERED GROUNDWATER. BOTH

ALTERNATIVES #3 AND #4 ARE EQUIVALENT IN THEIR REDUCTION OF THE
POTENTIAL TOXICITY TO AQUATIC LIFE ASSOCIATED WITH IRON IN THE RECOVERED

GROUNDWATER. ALTERNATIVE #2 WILL REDUCE TOXICITY BY REDUCING THE
CONCENTRATION OF IRON, HOWEVER, NOT BY ENOUGH TO ELIMINATE THE

POTENTIALLY TOXIC EFFECT. ALTERNATIVES #4, #3, AND #2, LISTED IN ORDER
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OF EFFECTIVENESS, EACH REDUCE THE VOLUME AND MOBILITY OF IRON RELEASED
TO THE ENVIRONMENT BY REDUCING THE CONCENTRATION IN THE RECOVERED
GROUNDWATER PRIOR TO DISCHARGING TO ARMY CREEK/POND.
SHORT-TERM EFFECTIVENESS

ALTERNATIVES #3 AND #4 WOULD BE EXPECTED TO YIELD GOOD SHORT-TERM
EFFECTIVENESS WITH RESPECT TO THE POTENTIAL FOR CHRONIC TOXICITY DUE TO
HIGH LEVELS OF IRON IN THE AQUATIC ENVIRONMENT. BOTH THE 'MODIFIED' AND
'ENHANCED' WATER TREATMENT FACILITIES WOULD ACHIEVE COMPLIANCE WITH THE
SURFACE WATER QUALITY CRITERION (1,000 UG/L) PRIOR TO DISCHARGE TO ARMY
CREEK/POND WITHIN APPROXIMATELY TWO WEEKS OF PLANT START-UP. HOWEVER,
THE OVERALL IMPACT OF THIS REDUCTION IS EXPECTED TO BE ONLY MODERATE
DURING THE SHORT-TERM BECAUSE THE OVERALL STRATEGY ALSO RELIES ON THE
POSITIVE EFFECT TO BE REALIZED FROM THE INSTALLATION OF THE HYDRAULIC
BARRIER (CAP) OVER THE 44-ACRE LANDFILL.

ALTERNATIVE #2 WOULD BE ANTICIPATED TO YIELD MODERATE-TO-LOW
EFFECTIVENESS WITH RESPECT TO THE POTENTIAL CHRONIC TOXICITY TO THE
AQUATIC ENVIRONMENT PRESENTED BY IRON. EVEN AFTER THE FACILITY ACHIEVED
ITS PERFORMANCE STANDARD, THE EFFLUENT WOULD NOT ACHIEVE LEVELS KNOWN TO
BE PROTECTIVE OF THE ENVIRONMENT.

IMPLEMENTABILITY

ALTERNATIVES #2, #3 AND #4 ARE EQUALLY IMPLEMENTABLE. THE INSTALLATION
AND OPERATION OF THE WATER TREATMENT FACILITIES COULD BE ACCOMPLISHED
EASILY. THE BASIC COMPONENTS CONCEPTUALLY INCLUDED IN ALL THESE
ALTERNATIVES ARE READILY AVAILABLE AND REGULARLY INSTALLED BY
CONSTRUCTION CONTRACTORS. THE OPERABILITY OF EACH OF THESE ALTERNATIVES
IS WELL UNDERSTOOD AND ROUTINELY CARRIED OUT. THE LONG-TERM MONITORING
PLAN INCLUDED IN EACH OF THE ALTERNATIVES IS ALSO EASILY IMPLEMENTED.

COST

CERCLA REQUIRES SELECTION OF A COST-EFFECTIVE REMEDY (NOT MERELY THE
LOWEST COST) THAT PROTECTS HUMAN HEALTH AND THE ENVIRONMENT AND MEETS
OTHER REQUIREMENTS OF THE STATUTE. PROJECT COST INCLUDES ALL
CONSTRUCTION AND OPERATION AND MAINTENANCE COSTS INCURRED OVER THE LIFE
OF THE PROJECT. AN ANALYSIS OF THE PRESENT WORTH VALUE OF THESE COSTS
HAS BEEN COMPLETED FOR EACH ALTERNATIVE DESCRIBED IN THIS RECORD OF
DECISION, AND IS SUMMARIZED IN TABLE 11. CAPITAL COSTS INCLUDE THOSE
EXPENDITURES NECESSARY TO IMPLEMENT A REMEDIAL ACTION. ANNUAL OPERATING
COSTS ARE INCLUDED IN THE PRESENT WORTH COST. THE RELATIVE COST, IN

ORDER OF MOST TO LEAST IS ALTERNATIVE #4, #3, #2, AND THEN #1.

COMMUNITY ACCEPTANCE

THE PROPOSED PLAN WAS RELEASED TO SOLICIT PUBLIC COMMENT REGARDING THE
PROPOSED REMEDIAL ALTERNATIVES ON MARCH 18, 1990. AT THAT TIME A 31 DAY
COMMENT PERIOD WAS OPENED. A PUBLIC MEETING ON THE PROPOSED PLAN WAS
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HELD MARCH 26, 1990, IN NEW CASTLE, DELAWARE. PURSUANT TO THE REQUEST
OF A CITIZEN THE PUBLIC COMMENT PERIOD WAS EXTENDED TO MAY 2, 1990.
COMMENTS AT THE PUBLIC MEETING AND DURING THE COMMENT PERIOD ARE
REFERENCED IN THE RESPONSIVENESS SUMMARY INCLUDED IN THIS RECORD OF
DECISION.

STATE ACCEPTANCE

THE STATE OF DELAWARE HAS NOT CONCURRED WITH THIS SELECTED REMEDIAL
ACTION.

IX. THE SELECTED REMEDY

ALTERNATIVE #3: MODIFIED CONVENTIONAL TREATMENT - 1,000 UG/L IRON
PERFORMANCE STANDARD.

CAPITAL COST: $2,710,000
ANNUAL OPERATION & MAINTENANCE COSTS: $294,000
PRESENT WORTH: $4,900,000

BASED UPON CONSIDERATION OF THE REQUIREMENTS OF CERCLA, THE DETAILED
EVALUATION OF THE ALTERNATIVES, AND PUBLIC COMMENTS, BOTH EPA AND THE

STATE OF DELAWARE HAVE DETERMINED THAT ALTERNATIVE #3 IS THE MOST
APPROPRIATE REMEDY FOR OPERABLE UNIT II OF THE ARMY CREEK SITE.

THE OBJECTIVE OF THIS ALTERNATIVE IS TO REDUCE THE CONCENTRATION OF IRON
IN THE RECOVERED GROUNDWATER TO 1,000 UG/L PRIOR TO DISCHARGING TO ARMY
CREEK/POND. THE OVERALL GOAL OF THE REMEDIAL ACTIVITIES BEING TAKEN
WITH RESPECT TO THE SURFACE WATER AT ARMY CREEK IS TO ATTAIN THE
DELAWARE SURFACE WATER QUALITY STANDARDS ESTABLISHED PURSUANT TO SECTION
303 OF THE CLEAN WATER ACT. IN THE EVENT THAT ACTIVITIES UNDERTAKEN IN
ACCORDANCE WITH THE MONITORING PLAN CONFIRM THAT THE LEVEL OF
BIS (2-CHLOROETHYL) ETHER IS CONTRIBUTING TO THE EXCURSION OF THE
APPLICABLE CRITERION OR FIND THAT THE CHARACTERISTICS OF THE RECOVERED
GROUNDWATER CHANGE SO THAT THE APPLICABLE SURFACE WATER STANDARDS ARE
NOT BEING MET, A COMPLIANCE PLAN WILL BE DEVELOPED AND IMPLEMENTED. THE
COMBINED STRATEGY OF PROVIDING TREATMENT TO THE RECOVERED GROUNDWATER
PRIOR TO DISCHARGE AND INSTALLING A LANDFILL CAP OVER ARMY CREEK
LANDFILL TO REDUCE LEACHATE SEEPAGE INTO ARMY CREEK (IN ACCORDANCE WITH
ROD 1) IS EXPECTED TO ACHIEVE AN 'IN STREAM' WATER QUALITY THAT SUPPORTS
THE DESIGNATED USES AND IS PROTECTIVE OF THE AQUATIC ENVIRONMENT.

THIS ALTERNATIVE ALSO INCLUDES LONG-TERM MONITORING OF THE TREATMENT
PLANT INFLUENT, EFFLUENT AND ARMY CREEK/POND SURFACE WATER AND SEDIMENT
QUALITY TO GAUGE EFFECTIVENESS OF THE SELECTED REMEDY, AND A WETLAND
MONITORING AND EVALUATION PLAN. THE ARMY POND HABITAT WILL BE MANAGED
DURING GROUNDWATER TREATMENT AND FOR A PERIOD OF FIVE (5) YEARS AFTER
CESSATION OF GROUNDWATER TREATMENT TO ENSURE THE DOMINANCE OF SPECIES
BENEFICIAL TO FISH AND WILDLIFE, AND TO CONTROL LESS DESIRABLE REED
GRASSES (PHRAGMITES SPP.).
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A MORE DETAILED DESCRIPTION OF THE SELECTED REMEDY IS PROVIDED IN
SECTION VII. THE FACILITY SHOULD BE DESIGNED IN SUCH A MANNER THAT
SUBSEQUENT MODIFICATIONS MAY BE INCORPORATED IN THE EVENT THAT THE
CHARACTERISTICS OF THE INFLUENT (RECOVERED GROUNDWATER) CHANGE. IT
SHOULD BE RECOGNIZED THAT MINOR CHANGES TO THE SELECTED ALTERNATIVE MAY
BE MADE DURING DESIGN AS LONG AS THE PERFORMANCE STANDARD IS ACHIEVED.
THESE CHANGES IN GENERAL WILL REFLECT THE USUAL MODIFICATION RESULTING
FROM THE ENGINEERING PROCESS.

X. STATUTORY DETERMINATIONS

EPA'S PRIMARY RESPONSIBILITY AT SUPERFUND SITES IS TO UNDERTAKE REMEDIAL
ACTIONS THAT ARE PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT. IN
ADDITION, SECTION 121 OF CERCLA, AS AMENDED, ESTABLISHES SEVERAL OTHER
STATUTORY REQUIREMENTS AND PREFERENCES. THESE SPECIFY THAT WHEN
COMPLETE, THE SELECTED REMEDIAL ACTION FOR THIS SITE MUST COMPLY WITH
APPLICABLE OR RELEVANT AND APPROPRIATE ENVIRONMENTAL STANDARDS
ESTABLISHED UNDER FEDERAL AND STATE ENVIRONMENTAL LAWS UNLESS A
STATUTORY WAIVER IS GRANTED. THE SELECTED REMEDY ALSO MUST BE
COST-EFFECTIVE AND UTILIZE TREATMENT TECHNOLOGIES OR RESOURCE RECOVERY
TECHNOLOGIES TO THE MAXIMUM EXTENT PRACTICABLE. FINALLY, THE STATUTE
INCLUDES A PREFERENCE FOR REMEDIES THAT PERMANENTLY AND SIGNIFICANTLY
REDUCE THE VOLUME, TOXICITY OR MOBILITY OF HAZARDOUS WASTES. THE
FOLLOWING SECTIONS DISCUSS HOW THE SELECTED REMEDY FOR THIS SITE MEETS
THESE STATUTORY REQUIREMENTS.

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

THE SELECTED REMEDY PROTECTS THE ENVIRONMENT BY PROVIDING ONSITE
TREATMENT OF RECOVERED GROUNDWATER PRIOR TO DISCHARGING TO ARMY
CREEK/POND. THE COMBINED REMEDIAL STRATEGY OF CAPPING THE LANDFILL (IN
ACCORDANCE WITH ROD 1), WHICH WILL REDUCE LANDFILL LEACHATE SEEPING
DIRECTLY INTO ARMY CREEK/POND, AND OPERATING A TREATMENT FACILITY TO
REDUCE THE CONCENTRATION OF IRON IN THE RECOVERED GROUNDWATER PRIOR TO
DISCHARGING WILL ACHIEVE A LEVEL OF WATER QUALITY THAT IS PROTECTIVE OF
THE ENVIRONMENT.

THE BASELINE HUMAN HEALTH RISK ASSESSMENT DETERMINED THAT THERE IS NO
UNACCEPTABLE RISK TO HUMAN HEALTH OR WELFARE WITH RESPECT TO THE SURFACE
WATER OR SEDIMENTS AT THE SITE. THE EXPOSURE LEVELS ARE WELL WITHIN THE
(10-4) TO (10-7) RANGE WITHIN WHICH EPA MANAGES POTENTIAL CARCINOGENIC
RISK AND THE HAZARD INDICES FOR NON-CARCINOGENS ARE MUCH LESS THAN ONE.
THE REMEDY SELECTED IN THE FIRST RECORD OF DECISION WILL MITIGATE THE
RISK PRESENTED TO HUMAN HEALTH VIA GROUNDWATER INGESTION.

ATTAINMENT OF APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

THE SELECTED REMEDY WILL ATTAIN ALL APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS FOR THE SITE SURFACE WATER AND ASSOCIATED
WETLANDS, THE CONTAMINANTS IN THE SURFACE WATER, AND THE ACTIONS THAT
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WILL BE IMPLEMENTED. THE ARARS ARE PRESENTED BELOW.

ACTION-SPECIFIC ARARS

WATER AIR RESOURCES ACT (7 DELAWARE CODE CHAPTER 60, 1983)

THE FOLLOWING STATE REGULATIONS ARE PROMULGATED PURSUANT TO SECTION 6010
OF CHAPTER 60:

(DELAWARE) SURFACE WATER QUALITY STANDARDS (1990)

SECTIONS THAT CLEARLY APPLY:

IN ACCORDANCE WITH CERCLA SECTION 121 (E) NO PERMIT SHALL BE REQUIRED FOR
ACTIONS CONDUCTED ENTIRELY ONSITE BUT SUBSTANTIVE REQUIREMENTS MUST BE
MET.

REGULATIONS GOVERNING THE LAND TREATMENT OF WASTES (1988) SECTION 4.1(A)
(III): SURFACE WATERS MUST BE FREE FROM ANY POLLUTANTS WHICH MAY
INTERFERE WITH ATTAINMENT AND MAINTENANCE OF DESIGNATED USES.

SECTION 9.2: GENERAL PROVISIONS PROHIBITING ACUTE OR CHRONIC TOXICITY TO
AQUATIC LIFE, ADVERSE EFFECTS ON HUMAN HEALTH FROM INGESTION OF
CONTAMINATED AQUATIC ORGANISMS.

SECTION 9.3: IRON REQUIREMENT OF 1,000 UG/L FOR PROTECTION OF AQUATIC
LIFE AGAINST CHRONIC TOXICITY.

(STATE) REGULATIONS GOVERNING CONTROL OF WATER POLLUTION (1983)

SECTION 3.01: DISCHARGE OF ANY POLLUTANT FROM POINT SOURCE TO SURFACE
WATER REQUIRES PERMIT.

TREATMENT PLANT SLUDGE IS SUBJECT TO REQUIREMENTS OF PART III (B)
SECTION 301 PERTAINING TO TRANSPORTATION, AND TREATMENT DISPOSAL.

REGULATIONS GOVERNING SOLID WASTE (1988)

(SECTION 6 PERTAINS TO INDUSTRIAL LANDFILLS).

SECTION 6.D.3.F: RESIDUALS FROM ON-SITE LEACHATE TREATMENT SYSTEM MUST
BE SAMPLED AND ANALYZED FOR HAZARDOUS WASTE CHARACTERISTICS PER DELAWARE
HAZARDOUS WASTE REGULATIONS.

SECTION 6.K.I.A: POST-CLOSURE CARE FOR 30 YEARS.

SECTION 6.K.1.E: ACTION NECESSARY TO MITIGATE THREAT TO HUMAN HEALTH OR
THE ENVIRONMENT IF EVIDENCE OF CONTAMINANT RELEASE.

EROSION & SEDIMENTATION CONTROL (7 DELAWARE CODE CHAPTER 40)
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EROSION & SEDIMENTATION CONTROL REGULATIONS (1989)

GENERAL STATE CRITERIA: E&S PLAN MUST BE DEVELOPED AND FOLLOWED DURING
CONSTRUCTION OF THE WATER TREATMENT PLANT TO PREVENT INCREASED
SEDIMENTATION OR ACCELERATED EROSION INTO ARMY CREEK.

CLEAN WATER ACT (33 USC S 1251 ET SEQ.)

PURSUANT TO SECTION 402 OF THE CLEAN WATER ACT, 33 USC SS 1342, ANY
DISCHARGE OF POLLUTANTS FROM A POINT SOURCE TO WATERS OF THE UNITED
STATE REQUIRES A NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES)
PERMIT. THE NPDES PERMIT MUST CONTAIN CONDITIONS THAT ARE PROTECTIVE OF
HUMAN HEALTH AND THE AQUATIC LIFE.

IN ACCORDANCE WITH CERCLA SECTION 121 (E) NO PERMIT SHALL BE REQUIRED FOR
ACTIONS CONDUCTED ENTIRELY ONSITE BUT SUBSTANTIVE REQUIREMENTS MUST BE
MET.

CONTAMINANT-SPECIFIC ARARS

HAZARDOUS WASTE MANAGEMENT ACT (7 DELAWARE CODE CHAPTER 63)

REGULATIONS GOVERNING HAZARDOUS WASTE (1988)

SECTION 262.11: HAZARDOUS WASTE DETERMINATION MUST BE MADE ON SLUDGE
GENERATED BY TREATMENT OF DISCHARGES.

CLEAN WATER ACT (33 USC SS 1251 ET SEQ.)

PURSUANT TO SECTION 303 OF THE CLEAN WATER ACT, 33 USC SS 1313, THE
STATE OF DELAWARE HAS COUPLED FEDERAL AMBIENT WATER QUALITY CRITERIA
(ESTABLISHED UNDER SECTION 304(A)) WITH DESIGNATED USES (DESCRIBED IN
SECTION 101) TO DETERMINE DELAWARE SURFACE WATER QUALITY STANDARDS
(DSWQS). THE RECOVERED GROUNDWATER MUST RECEIVE TREATMENT TO REDUCE THE
.CONCENTRATION OF CHEMICAL CONSTITUENTS TO A LEVEL THAT WILL NOT EXCEED
DSWQS THAT SUPPORT OR ARE PROTECTIVE OF ARMY CREEK'S DESIGNATED USES.

OTHER CRITERIA, ADVISORIES OR GUIDANCE TO BE CONSIDERED
FOR THIS REMEDIAL ACTION (TBC'S)

STATE EXECUTIVE ORDER 56 ON FRESHWATER WETLANDS (1988)

(INCLUDING GOVERNOR'S ROUNDTABLE REPORT ON FRESHWATER WETLANDS, 1989)

GENERAL POLICY TO MINIMIZE THE ADVERSE EFFECTS TO FRESHWATER WETLANDS
RESULTING FROM THE CONSTRUCTION AND OPERATION OF THE TREATMENT PLANT,
INCLUDING THE RESULTANT DISCHARGES.

FEDERAL EXECUTIVE ORDER 11988, FLOODPLAIN MANAGEMENT, 40 CFR PART 6,
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APPENDIX A

ACTION MUST AVOID ADVERSE EFFECTS, MINIMIZE POTENTIAL HARM, RESTORE AND
PRESERVE NATURAL BENEFICIAL VALUE.

FEDERAL EXECUTIVE ORDER 11990, PROTECTION OF WETLANDS, 40 CFR PART 6,
APPENDIX A

ACTION MUST MINIMIZE DESTRUCTION, LOSS, OR DEGRADATION OF WETLANDS AND
PRESERVE AND ENHANCE THE NATURAL AND BENEFICIAL VALUES OF WETLANDS. THE
WETLANDS MANAGEMENT PLAN WILL ACT TO PRESERVE THE NATURAL AND BENEFICIAL
VALVES OF THE WETLANDS TO THE WILDLIFE BE ENSURING THAT THE PERIMETER OF
THE ARMY CREEK/POND IS RECOLONIZED BY INDIGENOUS SPECIES AFTER THE
RECOVERY WELLS ARE PHASED-OUT OR SHUT DOWN.

COST-EFFECTIVENESS

EPA AND THE STATE BELIEVE THE SELECTED REMEDY IS COST-EFFECTIVE IN
MITIGATING THE RISK POSED BY THE SURFACE WATER ADJACENT TO THE LANDFILL.
THE SELECTED ALTERNATIVE INCLUDES THE LEAST COSTLY REMEDY WHICH WILL
EFFECTIVELY ACHIEVE OUR REMEDIAL OBJECTIVE FOR THIS SECOND OPERABLE
UNIT.

UTILIZATION OF PERMANENT SOLUTIONS EMPLOYING ALTERNATIVE TECHNOLOGIES TO
THE MAXIMUM EXTENT PRACTICABLE

THE SELECTED REMEDY IS THE MOST APPROPRIATE SOLUTION FOR THIS OPERABLE
UNIT AND REPRESENTS THE MAXIMUM EXTENT TO WHICH PERMANENT SOLUTIONS AND

TREATMENT CAN BE PRACTICABLY UTILIZED. BOTH ALTERNATIVES #3 AND #4 MEET
THE THRESHOLD CRITERIA OF BEING PROTECTIVE AND ACHIEVING ARARS AND ARE
EQUAL IN EFFECTIVENESS WITH RESPECT TO LONG-TERM EFFECTIVENESS AND
PERMANENCE; REDUCTION IN TOXICITY, MOBILITY AND VOLUME THROUGH
TREATMENT; SHORT-TERM EFFECTIVENESS AND IMPLEMENTABILITY. SINCE

ALTERNATIVE #3 AND ALTERNATIVE #4 ARE EQUALLY EFFECTIVE AND ALTERNATIVE
#3 IS LESS COSTLY THAN ALTERNATIVE #4, ALTERNATIVE #3 WAS SELECTED ON
THE BASIS OF BEING MORE COST-EFFECTIVE. THE PROPOSED SELECTION OF

ALTERNATIVE #3 WAS WELL RECEIVED BY THE STATE AND COMMUNITY.

PREFERENCE FOR TREATMENT

THIS PREFERENCE IS SATISFIED SINCE TREATMENT IS THE PRINCIPAL ELEMENT OF
THE CHOSEN ALTERNATIVE.

RESPONSIVENESS SUMMARY

I. INTRODUCTION

IN ACCORDANCE WITH THE US ENVIRONMENTAL PROTECTION AGENCY'S (EPA)
COMMUNITY RELATIONS POLICY AND GUIDANCE, THE EPA REGION III OFFICE HELD
A PUBLIC COMMENT PERIOD FROM MARCH 19, 1990, THROUGH MAY 2, 1990, TO
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OBTAIN COMMENTS ON THE PROPOSED REMEDIAL ACTION PLAN (PRAP) FOR OPERABLE
UNIT 2 AT THE ARMY CREEK LANDFILL SUPERFUND SITE IN NEW CASTLE COUNTY,
DELAWARE. OPERABLE UNIT 2 ENCOMPASSES THE CONTAMINATED GROUNDWATER
RECOVERED THROUGH THE EXISTING GROUNDWATER RECOVERY WELLS AND DISCHARGED
UNTREATED INTO ARMY CREEK. ON MARCH 26, 1990, EPA AND THE DELAWARE
DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL (DNREC) HELD A
PUBLIC MEETING TO OBTAIN PUBLIC COMMENTS ON THE PROPOSED REMEDY.
APPROXIMATELY 80 COMMUNITY RESIDENTS AND INTERESTED PERSONS ATTENDED THE
MEETING. COPIES OF THE PRAP WERE DISTRIBUTED AT THE MEETING AND WERE
PLACED IN THE INFORMATION REPOSITORIES FOR THE SITE.

IN RESPONSE TO REQUESTS FROM THE PUBLIC, EPA AND DNREC HELD A FOLLOW-UP
PUBLIC MEETING ON SATURDAY, APRIL 21, 1990, AND EXTENDED THE PUBLIC
COMMENT PERIOD FOR TWO WEEKS. APPROXIMATELY 22 INDIVIDUALS ATTENDED
THIS MEETING.

ALL PUBLIC COMMENTS RECEIVED DURING THOSE MEETING AND IN WRITING ARE
DOCUMENTED AND SUMMARIZED IN THIS RESPONSIVENESS SUMMARY. SECTION II
PRESENTS A SUMMARY OF QUESTIONS AND COMMENTS EXPRESSED BY THE PUBLIC AT
THE MARCH 26 AND APRIL 21 PUBLIC MEETINGS. SECTION III THEN CONTAINS A
SUMMARY OF WRITTEN COMMENTS RECEIVED DURING THE COMMENT PERIOD. ALL
QUESTIONS AND COMMENTS ARE GROUPED INTO GENERAL CATEGORIES, ACCORDING TO
SUBJECT MATTER. EACH QUESTION OR COMMENT IS FOLLOWED BY EPA'S RESPONSE.

II. PUBLIC MEETING COMMENTS

THIS SECTION MAINTAINS QUESTIONS AND COMMENTS PRESENTED AT THE MARCH 20,
1990, PUBLIC MEETING. IT ALSO SUMMARIZES COMMENTS AND QUESTIONS POSED
AT A FOLLOWUP MEETING WITH LOCAL RESIDENTS HELD ON APRIL 21, 1990, IN
THE DELAWARE DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL
OFFICES AT 715 GRANTHAM LANE IN NEW CASTLE, DELAWARE. COMMENTS
CONTAINED IN THIS SECTION ARE GROUPED ACCORDING TO SUBJECT DISCUSSED.

A. COMMENTS ON THE OPERABLE UNIT 1 ROD, SIGNED SEPTEMBER 1986

1. A COMMENTER ASKED WHETHER EPA HAD CONSIDERED THE EXCAVATION AS AN
ALTERNATIVE FOR THE SITE, AND IF NOT, WHY NOT.

EPA RESPONSE: EXCAVATION OF THE LANDFILL WAS EVALUATED AND SCREENED OUT
IN THE FIRST OPERABLE UNIT FEASIBILITY STUDY FOR THE SITE, COMPLETED IN
1986. CAPPING WAS SELECTED AS THE MOST APPROPRIATE SOURCE CONTROL
REMEDY IN THE FIRST RECORD OF DECISION FOR THE SITE, AND BASED ON THAT
DECISION, THE MULTI-LAYERED CAP HAS BEEN DESIGNED AND IS READY TO BE
CONSTRUCTED.

2. ANOTHER ATTENDEE STATED THAT EXCAVATION WOULD NOT DEEM TO BE A VIABLE
ALTERNATIVE BECAUSE OF THE POSSIBILITY THAT IT WOULD RELEASE
CONTAMINATION.

EPA RESPONSE: THERE ARE MANY GOOD REASONS WHY EXCAVATION WAS NOT
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SELECTED AS THE BEST REMEDIAL ALTERNATIVE FOR THE FIRST OPERABLE UNIT.
THE DETAILS ARE CONTAINED IN THE JULY 1986 FEASIBILITY STUDY.

B. THE PROPOSED REMEDY FOR OPERABLE UNIT 2

1. SEVERAL COMMENTERS ASKED WHETHER THE PROPOSED TREATMENT SYSTEM WAS
EXPERIMENTAL AND HOW EPA COULD ENSURE THAT IT WILL NOT CAUSE FUTURE
ENVIRONMENTAL PROBLEMS.

EPA RESPONSE: THERE ARE MANY TREATMENT FACILITIES CURRENTLY OPERATING AT
OTHER LOCATIONS THAT EFFECTIVELY EMPLOY THE SAME BASIC TECHNOLOGIES
CONTAINED IN THIS CONCEPTUAL SYSTEM. THIS REMEDIAL ALTERNATIVE CONTAINS
NO NEW, UNPROVEN TECHNOLOGIES.

2. A MEETING ATTENDEE ASKED WHY EPA IS PUMPING THE GROUNDWATER WHEN THE
PROBLEM SEEMS TO BE WITH SURFACE WATER CONTAMINATION.

EPA RESPONSE: THE PRIMARY HEALTH RISK ORIGINALLY IDENTIFIED AT THE ARMY
CREEK SITE WAS PRESENTED BY GROUNDWATER CONTAMINATION. TO PREVENT THE
CONTAMINATED GROUNDWATER FROM MIGRATING TO THE ARTESIAN WATER COMPANY'S
PUBLIC SUPPLY WELLHEADS WHICH ARE HYDRAULICALLY DOWNGRADIENT FROM THE
LANDFILL, A SERIES OF STRATEGICALLY LOCATED RECOVERY WELLS WAS
INSTALLED. THIS REMEDIAL ACTION HAS PROVEN TO BE EFFECTIVE; HOWEVER,
THE SECOND OPERABLE UNIT ADDRESSED THE POTENTIALLY ADVERSE EFFECTS THAT
ARE PRESENTED TO THE ENVIRONMENT BY DISCHARGING THE RECOVERED
GROUNDWATER TO ARMY CREEK POND.

3. SEVERAL COMMENTERS ASKED HOW LONG IT WILL TAKE TO DETERMINE WHETHER
THE REMEDY CHOSEN FOR THE SITE IS WORKING.

EPA RESPONSE: THE IMPROVEMENT OF SURFACE WATER QUALITY AT ARMY CREEK IS
DEPENDENT ON TWO SEPARATE BUT RELATED ACTIONS: TREATMENT OF THE
RECOVERED GROUNDWATER PRIOR TO SURFACE WATER DISCHARGE, AND INSTALLATION
OF THE LANDFILL CAP TO REDUCE LEACHATE SEEPAGE TO ARMY CREEK POND. CAP
CONSTRUCTION IS EXPECTED TO LAST 24 TO 36 MONTHS. CONSTRUCTION OF THE
TREATMENT PLANT IS EXPECTED TO TAKE APPROXIMATELY 14 MONTHS. THE
EFFECTIVENESS OF THE REMEDIAL ACTION WILL BE MONITORED CONTINUOUSLY.
FIVE YEARS AFTER THE LANDFILL CAP IS INSTALLED, THE NECESSITY FOR
FURTHER REMEDIAL ACTION (SEE ROD I, PHASE II) WILL BE DETERMINED.

4. A COMMENTER ASKED FOR AN EXPLANATION OF THE TECHNOLOGICAL DIFFERENCES
BETWEEN MODIFIED TREATMENT (ALTERNATIVE 3) AND ENHANCED TREATMENT
(ALTERNATIVE 4).

EPA RESPONSE: IT SHOULD BE NOTED THAT THE DETAILS OF THE PROCESS ARE
CONCEPTUAL AND MAY BE MODIFIED DURING THE REMEDIAL DESIGN ACTIVITIES AS
LONG AS EFFECTIVENESS IS MET. THE PRIMARY DIFFERENCE BETWEEN THE TWO
ALTERNATIVES IS THE EXPECTED PERFORMANCE. AS PART OF ITS INITIAL
PROCESS, THE CONCEPTUAL ENHANCED TREATMENT EMPLOYS A HIGH-VELOCITY
AERATOR TO OXYGENATE THE WATER AND INCREASE THE POTENTIAL FOR ORGANIC
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COMPOUNDS TO VOLATILIZE. THE FINAL STEP IN ENHANCED TREATMENT USES
'GREEN SAND,' OR ZEALITE SAND, WHICH IS A MORE EFFECTIVE FILTER THAN
REGULAR SAND AND CAPTURES IRON AS PART OF AN ION EXCHANGE PROCESS.
THEREFORE, THE ENHANCED TREATMENT USES A MORE EFFECTIVE AERATOR AND A
MORE EFFECTIVE FILTER THAN MODIFIED TREATMENT.

5. ONE MEETING ATTENDEE ASKED WHETHER THERE WAS ANY WAY THAT THE
COMMUNITY COULD REQUEST EPA TO SELECT ENHANCED TREATMENT OVER MODIFIED
TREATMENT.

EPA RESPONSE: EPA WILL TAKE ALL COMMENTS MADE DURING THE PUBLIC COMMENT
PERIOD INTO CONSIDERATION IN REACHING A FINAL DECISION. EVERY
SIGNIFICANT QUESTION THAT IS BROUGHT UP AT THE MEETING OR RECEIVED IN
WRITING WILL BE RESPONDED TO IN THE RESPONSIVENESS SUMMARY WHICH WILL BE
INCLUDED IN THE RECORD OF DECISION. PUBLIC COMMENTS DEFINITELY
INFLUENCE THE AGENCY'S DECISION.

6. A COMMENTER ASKED WHETHER GQA HAD NOT IN FACT ALREADY CHOSEN THE
REMEDY IT PREFERRED FOR THE SITE, AND WHETHER THE PUBLIC COMMENT PERIOD
WAS MEANINGFUL. THIS COMMENTER STATED THAT HE BELIEVED THAT THE
PROPOSED REMEDY WAS CURRENTLY BEING BID, AND THAT THERE WAS A CONSENT
DECREE BETWEEN THE STATE AND THE COUNTY TO IMPLEMENT THE RECOMMENDED
ALTERNATIVE.

EPA RESPONSE: NO, EPA HAS NOT SELECTED A FINAL REMEDIAL ACTION TO
ADDRESS THE RECOVERED GROUNDWATER AT THE SITE (PRIOR TO ISSUANCE OF THE
RECORD OF DECISION). NEW CASTLE COUNTY DID ENTER INTO AND IS OUT OF
COMPLIANCE WITH A CONSENT DECREE WITH THE STATE WHEREIN THE COUNTY
AGREED TO CONSTRUCT, BY JUNE 1990, A TREATMENT FACILITY CAPABLE OF
ACHIEVING AN IRON CONCENTRATION OF LESS THAN 5,000 MIGROGRAMS/LITER
(SIMILAR TO THE PERFORMANCE STANDARDS OF ALTERNATIVE 2). IF NEW CASTLE
COUNTY MODIFIED THE DESIGN OF THE TREATMENT FACILITY TO CONFORM TO THE
PERFORMANCE STANDARDS IDENTIFIED AS THE PREFERRED ALTERNATIVE IN THE
PROPOSED PLAN, IT WAS ON THEIR OWN INITIATIVE WITH NO PRE-DECISIONAL EPA
APPROVAL.

7. SEVERAL COMMENTERS ASKED QUESTIONS ABOUT THE PROPOSED TREATMENT
PLANT, INCLUDING WHETHER ITS CAPACITY WILL BE ABLE TO ACCOMMODATE
ADDITIONAL WELLS, AND WHETHER IT WOULD PRODUCE ANY ODORS OR ENTAIL
STORAGE LAGOONS.

EPA RESPONSE: THE PLANT WILL BE DESIGNED TO TREAT THE HIGH RANGE OF THE
CURRENT FLOW LOAD, APPROXIMATELY 1.9 MILLION GALLONS DAILY, WITH ENOUGH
CONTINGENCY CAPACITY TO HANDLE ADDITIONAL WELLS, IF NECESSARY. EPA DOES
NOT EXPECT THAT THE TREATMENT PLANT WILL EMIT ANY UNUSUAL ODORS. WITH
AIR DISPERSION, ANY EXTREMELY LOW-LEVEL ORGANICS THAT MAY BE RELEASED
WILL BE DISPELLED. THERE WILL BE NO STORAGE LAGOONS.

8. SEVERAL COMMENTERS ASKED WHETHER THE TREATMENT PLANT WOULD PRODUCE
ANY SLUDGE AND HOW THAT MATERIAL WOULD BE DISPOSED.
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EPA RESPONSE: THE PROCESS BY WHICH IRON IS PRECIPITATED OUT OF THE
GROUNDWATER WILL PRODUCE A SLUDGE-LIKE MATERIAL. THIS WILL BE TREATED
BY BEING FILTERED AND COMPRESSED TO ELIMINATE THE WATER. EPA WILL
DETERMINE THE APPROPRIATE METHOD TO DISPOSE OF THIS MATERIAL AFTER
TESTING IT TO DETERMINE ITS COMPOSITION, AND WILL DISPOSE OF IT IN
COMPLIANCE WITH FEDERAL AND STATE GUIDELINES.

ALTHOUGH TRACES OF ORGANIC SUBSTANCES MAY REMAIN IN THIS 'FILTER-CAKE,'
EPA EXPECTS THAT THE MAJOR COMPONENT WOULD BE METALS.

9. A COMMENTER ASKED WHETHER THE TREATMENT PLANT WILL NOT EVENTUALLY
BECOME OBSOLETE.

EPA RESPONSE: THERE ARE TWO POTENTIAL SCENARIOS THAT COULD RENDER THE
TREATMENT PLANT OBSOLETE: 1) THE SOURCE CONTROL REMEDY IS EFFECTIVE AND
IT IS DETERMINED THAT THE ARTESIAN WATER COMPANY'S PUBLIC SUPPLY WELLS
WOULD NOT BE ADVERSELY AFFECTED IF THE RECOVERY WELLS WERE SHUT DOWN, OR
2) THE EXTRACTED GROUNDWATER MEETS A LEVEL OF WATER QUALITY THAT IS
PROTECTIVE OF THE DESIGNATED USES OF ARMY CREEK/POND PRIOR TO TREATMENT.

10. ONE COMMENTER ASKED WHERE THE GROUNDWATER TREATMENT PLANT WOULD BE
LOCATED.

EPA RESPONSE: THE PRESENT, PROPOSED LOCATION FOR THE TREATMENT PLANT IS
ON LAND OWNED OR CONTROLLED BY NEW CASTLE COUNTY.

11. ONE MEETING ATTENDEE ASKED HOW LONG IT WILL TAKE TO OPERATE THE
TREATMENT SYSTEM BEFORE THE LEVELS OF CONTAMINATION IN ARMY CREEK ARE
LOW ENOUGH TO SUPPORT AQUATIC LIFE. ANOTHER ASKED WHETHER THE SYSTEM
WILL OPERATE FOR 15 YEARS, AS IT APPEARS IN THE PROPOSED PLAN.

EPA RESPONSE: THE 15-YEAR FIGURE USED IN THE PROPOSED PLAN WAS SELECTED
AS A BASIS FOR COST COMPARISON OF ALL ALTERNATIVES. THE OPTIMAL AMOUNT
OF TIME FOR SYSTEM OPERATION WILL BE DETERMINED AFTER THE CAP IS
INSTALLED AND DATA BECOME AVAILABLE TO EVALUATE THE EFFECTIVENESS OF THE
SOURCE CONTROL REMEDY. THIS WILL BE DETERMINED APPROXIMATELY 5 YEARS
AFTER THE CAP IS INSTALLED.

12. ONE ATTENDEE STATED THAT IT APPEARED THAT SPA AND DNRSC WERE
RECOMMENDING AN ALTERNATIVE TO REDUCE RISKS TO AQUATIC LIFE RATHER THAN
HUMAN HEALTH. SHE STATED THAT IT WAS HARD TO BELIEVE THAT THE
CONTAMINANTS FOUND POSED A MINUTE THREAT TO HUMAN HEALTH, AND ASKED
WHETHER EPA WAS PROTECTING FISH AND WILDLIFE INSTEAD OF HUMAN HEALTH.

EPA RESPONSE: THE REASON IT MAY APPEAR THAT EPA IS EMPHASIZING
PROTECTION OF THE AQUATIC ENVIRONMENT RATHER THAN HUMAN HEALTH AS PART
OF OPERABLE UNIT 2 IS THAT OPERABLE UNIT 1 ADDRESSED RISKS TO HUMAN
HEALTH. THE AGENCY HAS DONE EXTENSIVE TESTING TO DETERMINE WHETHER THE
SURFACE WATER AT THE SITE POSES ANY RISK TO HUMANS AND FOUND THAT THERE
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WAS NO RISK UNDER EXISTING CONDITIONS. THEREFORE, EPA NEXT EXAMINED
WHETHER THE SURFACE WATER AT THE SITE POSED A RISK TO THE ENVIRONMENT.
WHEN EPA SELECTED A STRATEGY OF CAPPING THE LANDFILL, THE STRATEGY WAS
SPECIFICALLY DESIGNED TO PREVENT CONTAMINATED GROUNDWATER FROM REACHING
THE ARTESIAN WATER COMPANY'S WELLS TO PROTECT HUMAN HEALTH. THE FIRST
ACTION THAT WAS TAKEN - INSTALLING THE INTERCEPTOR WELLS - WAS TO
PROTECT HUMAN HEALTH.

13. SEVERAL COMMENTERS ASKED WHETHER NATURAL ATTENUATION WOULD BE
SUFFICIENT TO CLEANSE THE WATER WITHOUT OPERATING THE TREATMENT SYSTEM.
ONE ASKED WHETHER EPA HAD CONSIDERED INSTALLING THE CAP ON THE SITE AND
THEN CONDUCTING TESTS TO SEE IF LEVELS OF CONTAMINANTS COMING OUT OF THE
LANDFILL HAD BEEN REDUCED SUFFICIENTLY TO ELIMINATE THE NEED FOR THE
TREATMENT PLANT.

EPA RESPONSE: IF THE WATER IS NOT TREATED PRIOR TO DISCHARGE TO THE
SURFACE WATER IT WILL NOT MEET THE STANDARDS ESTABLISHED BY DNREC TO
PROTECT THE DESIGNATED USES OF ARMY CREEK.

THE SELECTED ALTERNATIVE INCLUDES CONTINUOUS MONITORING OF THE RECOVERED
GROUNDWATER QUALITY. IF THE EXTRACTED GROUNDWATER MEETS A LEVEL OF
WATER QUALITY THAT IS PROTECTIVE OF THE DESIGNATED USES OF ARMY CREEK
PRIOR TO TREATMENT, THE FACILITY WILL BE SHUT DOWN.

14. A MEETING ATTENDEE ASKED WHETHER THE ARTESIAN WATER COMPANY'S WELLS
WOULD BE THREATENED IF THE RECOVERY WELLS CEASED TO OPERATE.

EPA RESPONSE: UNDER CURRENT CONDITIONS, EPA BELIEVES THAT IF THE WATER
RECOVERY WELLS WERE TURNED OFF, THE ARTESIAN WATER COMPANY'S WATER
SUPPLY WELLS MAY BE THREATENED BY CONTINUED GROUNDWATER EMANATING FROM
BOTH THE ARMY CREEK AND DELAWARE SAND GRAVEL LANDFILLS. EPA WILL TAKE A
CONSERVATIVE APPROACH TO PROTECT HUMAN HEALTH BY IMPLEMENTING SOURCE
CONTROL MEASURES AND THEN, IF APPROPRIATE, PHASING OUT THE WELLS.

C. REMEDIAL ACTION FOR OPERABLE UNIT 1

1. ONE MEETING COMMENTER STATED THAT THE COMMUNITY WAS NOT AWARE WHAT
THE FIRST PHASE OF THE ACTION PLANNED AT THE SITE WAS AND THAT THEY HAD
NOT BEEN TOLD WHAT IT ENTAILED.

EPA RESPONSE: IN ACCORDANCE WITH EPA POLICY, A PUBLIC MEETING WAS HELD
PRIOR TO THE ISSUANCE OF THE RECORD OF DECISION FOR THE FIRST OPERABLE
UNIT AT THE SITE. THE ADDRESSES OF ATTENDEES AT THE FIRST MEETING WERE
USED TO SEND OUT COPIES OF THE PROPOSED PLAN FOR OPERABLE UNIT 2.

2. A MEETING ATTENDEE ASKED WHETHER THE SITE HAS BEEN ALREADY CAPPED.

EPA RESPONSE: NO. THE DESIGN HAS BEEN COMPLETED AND EPA EXPECTS TO
BEGIN THE REMEDIAL ACTION BY THE END OF THE CALENDAR YEAR 1990.
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3. SEVERAL COMMENTERS ASKED FOR AN EXPLANATION OF THE CAP DESIGN.

EPA RESPONSE: FIRST, A GRADE WILL BE ESTABLISHED. NEXT, THE AREA WILL
BE COVERED WITH A ONE-FOOT LAYER OF A FINE, CLAY-LIKE SOIL THAT MEETS AN
ESTABLISHED SPECIFICATION. THIS MATERIAL WILL BE COMPACTED SO THAT WATER
WILL NOT BE ABLE TO PASS THROUGH IT AT MORE THAN IX (10-5)
CENTIMETERS/SECOND. THIS WILL BE COVERED BY A SYNTHETIC LINER AT LEAST
40 MILLIMETERS THICK, WHOSE COMPOSITION IS YET TO BE DETERMINED BUT
WHICH MUST MEET STRICT PERFORMANCE STANDARDS ESTABLISHED BY EPA FOR SUCH
FACTORS AS PUNCTURE RESISTANCE AND FLEXIBILITY. THIS LAYER WILL BE
COVERED BY A ONE-FOOT THICK LAYER OF SAND, AND FINALLY BY TWO FEET OF
SOIL. THEREFORE, WHEN RAIN HITS THE TOP OF THE LANDFILL, IT WILL PASS
THROUGH THE TOP FILL AND THE SAND, STOP AT THE LINER WHICH IS A
HYDRAULIC BARRIER, TRAVEL ALONG THE BARRIER, AND ULTIMATELY DISCHARGE AS
CLEAN RUNOFF INTO ARMY POND. THERE ALSO WILL BE VENTS IN THE CAP TO
ALLOW THE CONTROLLED RELEASE OF METHANE GASES WHICH IS COMMONLY
GENERATED BY DEGRADATION IN LANDFILLS.

4. SEVERAL COMMENTERS ASKED WHO PAYS FOR THE COST OF THE REMEDIAL
ACTION.

EPA RESPONSE: MORE THAN 30 POTENTIALLY RESPONSIBLE PARTIES (PRPS) HAVE
BEEN NOTIFIED OF THEIR POTENTIAL LIABILITY. EPA MAY ATTEMPT TO REACH A
NEGOTIATED SETTLEMENT WITH ONE OR MORE OF THESE PRPS. IF SETTLEMENT IS
NOT ACHIEVED, EPA WILL SUE ONE OR MORE PRP(S) TO RECOVER ALL PAST AND
PROSPECTIVE COSTS TO IMPLEMENT THE REMEDY.

5. ONE COMMENTER ASKED HOW MUCH SOIL WOULD BE REHIRED TO CONSTRUCT A
60-ACRE CAP AND WHAT ITS SOURCE WOULD BE.

EPA RESPONSE: THE CAP MAY REQUIRE UP TO 8,000 TRUCKLOADS OF SOIL. EPA
HAS IDENTIFIED SUITABLE BORROW AREAS LOCALLY. THE SPECIFIC SOURCE WILL
BE DETERMINED AFTER THE PROJECT BID PROCESS.

6. ONE COMMENTER ASKED WHETHER THE CAP WILL BE ABLE - TO STOP LEACHING
OF THE LANDFILL MATERIALS INTO THE GROUNDWATER.

EPA RESPONSE: EPA BELIEVES INSTALLING THE 60-ACRE CAP WILL, IN TIME,
SIGNIFICANTLY REDUCE LEACHING OF CONTAMINANTS INTO THE GROUNDWATER. THE
LANDFILL CAP WILL PREVENT VERTICAL INFILTRATION OF PRECIPITATION;
HOWEVER, SOME WASTES WERE LANDFILLED BELOW THE SEASONAL HIGH-WATER
TABLE. ON THE WESTERN END, THE LEACHING OF CONTAMINANTS AS A RESULT OF
PRECIPITATION WILL BE PREVENTED, BUT SOME LEACHING IS LIKELY TO CONTINUE
DUE TO HORIZONTAL MIGRATION OF GROUNDWATER. THE FIRST OPERABLE UNIT ROD
INCLUDES THE CONTINUED MONITORING OF THE GROUNDWATER. IF IT IS
DETERMINED THAT CAPPING THE SITE IS NOT SUFFICIENT, UPGRADIENT CONTROLS
WILL BE IMPLEMENTED.

7. ONE COMMENTER INFORMED EPA THAT HE REMEMBERED A STORM SEWER THAT WAS
BURIED ON THE SITE.
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EPA RESPONSE: AN OLD, ABANDONED SEWER DOES RUN THROUGH THE EASTERN END
OF THE SITE. A PROVISION FOR 'PLUGGING' THE SEWER HAS BEEN INCLUDED IN
THE REMEDIAL DESIGN.

D. SITE HISTORY AND CURRENT STATUS

1. SEVERAL COMMENTERS ASKED QUESTIONS ABOUT THE SUBSTANCES THAT WERE
DETECTED IN THE - SITE GROUNDWATER AND SURFACE WATER. ONE ATTENDEE
ASKED WHAT SUBSTANCES WERE FOUND AND ANOTHER ASKED WHETHER THEY COULD
POSE A DANGER TO HUMANS. SEVERAL ASKED FOR A LIST OF THESE SUBSTANCES.

EPA RESPONSE: THE FIRST RECORD OF DECISION FOR THE SITE, DATED SEPTEMBER
1986, IDENTIFIES THE CONTAMINANTS THAT EXCEED THE PRIMARY AND SECONDARY
DRINKING WATER STANDARDS AT THE SITE. THESE SUBSTANCES WERE DETECTED IN
ONE OR MORE RECOVERY WELLS ADJACENT TO THE SITE. THE ORGANIC SUBSTANCES
THAT WERE FOUND TO EXCEED PRIMARY OR SECONDARY DRINKING WATER STANDARDS
INCLUDE:

* BENZENE,
* 1,2-DICHLOROPROPANE,
* METHYLENE CHLORIDE,
* 2,4-DINITROTOLUENE,
* N-NITRODIMETHYLAMINE,
* 2,4,6-TRICHLOROPHENOL,
* BIS (2-CHLOROETHYL) ETHER, AND
* TETRACHLORODIBROMOMETHANE.

THE INORGANIC SUBSTANCES THAT EXCEED PRIMARY OR SECONDARY DRINKING WATER
STANDARDS INCLUDE:

*
*
*
*
*
*
*
*

BERYLLIUM
CADMIUM
CHROMIUM
LEAD
MERCURY
NICKEL,
IRON, AND
MANGANESE

UNDER CURRENT CONDITIONS, THESE SUBSTANCES DO NOT POSE A THREAT TO HUMAN
HEALTH.

2. ONE COMMENTER ASKED WHETHER ALL IRON DETECTED IN SAMPLING COULD BE
COMING FROM THE LANDFILL AND WHETHER THERE ARE OTHER MEASURABLE SOURCES
OF IRON.

EPA RESPONSE: IRON IS A NATURALLY OCCURRING METAL THROUGHOUT DELAWARE.
THE CONCENTRATION OF IRON IN THE GROUNDWATER DIRECTLY BENEATH AND
DOWNGRADIENT OF ARMY CREEK LANDFILL IS EXCEPTIONALLY HIGH. THE ELEVATED
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LEVELS MAY BE DUE TO IRON-LADEN WASTES DISPOSED OF IN THE LANDFILL OR
THEY MAY BE THE RESULT OF THE LEACHATE LEACHING IRON FROM THE NATURALLY
OCCURRING SOILS. HOWEVER, THE SOURCE OF THE IRON IS IMMATERIAL. THE
PRESENCE OF IRON IN THE GROUNDWATER DOES NOT PRESENT A HAZARD TO HUMAN
HEALTH. THE LEVELS DO NOT EXCEED THE SECONDARY DRINKING WATER
STANDARDS. TO PREVENT THESE COMPOUNDS FROM MIGRATING TO THE PUBLIC
SUPPLY WELLS, THE RECOVERY WELL NETWORK WAS INSTALLED. THE AQUATIC
SPECIES GENERALLY ARE NOT AS SENSITIVE AS HUMANS TO ORGANIC COMPOUNDS;
HOWEVER, THEY ARE MORE SENSITIVE TO METALS (IRON). THEREFORE, BECAUSE
THE GROUNDWATER IS BEING PUMPED TO PREVENT THE CONTAMINATION OF THE
PUBLIC SUPPLY WELLS, THE LEVEL OF IRON IN THE RECOVERED GROUNDWATER MUST
BE REDUCED TO LEVELS THAT ARE PROTECTIVE OF THE AQUATIC ENVIRONMENT
PRIOR TO SURFACE WATER DISCHARGE, REGARDLESS OF THE SOURCE OF THE IRON.

3. ONE COMMENTER ASKED WHY THE COUNTY HAS BEEN USING INTERCEPTOR WELLS
TO PUMP CONTAMINATED GROUNDWATER AS A TEMPORARY MEASURE WITHOUT CAPPING
THE SITE.

EPA RESPONSE: THE COUNTY ACTED PROMPTLY TO INSTALL THE WELLS, TAKING
IMMEDIATE ACTION TO MITIGATE THE SITUATION. WHEN CONTAMINATION WAS
DETECTED AT THE EDGE OF LLANGOLLEN ESTATES, THE COUNTY ACTED
IMMEDIATELY. EPA COMMENDS THEM FOR TAKING ACTION AND INSTALLING THE
RECOVERY WELLS, WHICH OCCURRED BEFORE EPA'S SUPERFUND PROGRAM WAS
ESTABLISHED.

4. ONE COMMENTER ASKED WHY, IF THE HEAVY METALS FIND THEIR WAY INTO THE
LEACHATE THAT GETS INTO THE POND, THE SUBSTANCES ARE NOT FOUND IN THE
GROUNDWATER THAT IS AFFECTING THE DISCHARGES FROM THE PUMPS.

EPA RESPONSE: SOME OF THE METALS ARE GETTING INTO THE GROUNDWATER. A
CERTAIN PERCENTAGE OF THE CONTAMINATION GOES INTO THE AQUIFER AND IS
CARRIED THROUGH THE GROUNDWATER TO THE RECOVERY WELLS, WHERE IT IS
CAPTURED AND DISCHARGED INTO ARMY CREEK. ANOTHER PORTION OF SUBSTANCES
IS DISCHARGED FROM THE SIDE OF THE LANDFILL DIRECTLY INTO THE POND. EPA
EXPECTED TO FIND ELEVATED LEVELS OF METALS, INCLUDING CHROMIUM. A
NUMBER OF THEORIES MAY EXPLAIN THIS FACT. CHROMIUM IS NOT A VERY MOBILE
CONTAMINANT, SO THAT IT MAY TAKE LONGER TO BE DETECTED IN THE RECOVERY
WELLS. ALSO, CHROMIUM TENDS TO ABSORB TO SOIL PARTICLES, SUCH AS IN THE
SEDIMENT. EACH CONTAMINANT HAS A DIFFERENT MOBILITY. SOME CONTAMINANTS
DO NOT MOVE THROUGH THE AQUIFER VERY WELL, AND TEND TO STAY AT THE
BOTTOM OF THE POND AND NOT GO FURTHER.

5. AN ATTENDEE ASKED WHETHER THE RECOVERY WELLS WOULD CONTINUE TO BE
EFFECTIVE.

EPA RESPONSE: YES, THE EFFECTIVENESS OF THE WELLS IS CONTINUOUSLY
MONITORED. OTHER THAN RECOVERY WELLS, THERE ARE MANY MONITORING AND
PIEZOMETER WELLS STRATEGICALLY LOCATED THROUGHOUT THE AREA. THESE WELLS
ARE USED TO EXAMINE THE WATER TABLE LEVEL. EACH RECOVERY WELL CREATES A
SPHERICAL 'CONE OF DEPRESSION' DUE TO THE WITHDRAWAL OF GROUNDWATER. BY
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MONITORING DAILY DISCHARGE VOLUMES AND EVALUATING THE PIEZOMATIC MAP
(THREE-DIMENSIONAL GROUNDWATER ELEVATION), THE OPERATOR CAN DETERMINE
WHETHER OR NOT THE RECOVERY WELL IS FUNCTIONING EFFECTIVELY. WHEN THE
RECOVERY WELL'S EFFECTIVENESS DECREASES, IT IS REHABILITATED. ALL WELLS
AT THE SITE ARE REHABILITATED APPROXIMATELY TWICE A YEAR, DURING WHICH
THE WELL IS SHUT DOWN AND ITS SCREENS ARE CLEANED. THEREAFTER, IT IS
PUT BACK ON LINE FULLY EFFECTIVE. NEW CASTLE COUNTY WILL CONTINUE TO
PAY FOR THE OPERATION AND MAINTENANCE OF THE WELLS.

6. SEVERAL COMMENTERS ASKED WHETHER CONTAMINATION AT THE SITE COULD
AFFECT ANY PUBLIC SUPPLY WELLS.

EPA RESPONSE: THE CONTINUED MONITORING UNDERTAKEN IN THE AREA HAS
CONSISTENTLY SHOWN THE RECOVERY WELL NETWORK TO BE EFFECTIVELY CREATING
A GROUNDWATER DIVIDE BETWEEN THE LANDFILL AND ARTESIAN'S WELLS.

7. SEVERAL COMMENTERS STATED THAT THERE HAD BEEN SEVERAL PUBLIC MEETINGS
ABOUT THE SITE IN THE PAST AND NUMEROUS STUDIES CONTINUING FOR SEVERAL
YEARS. THEY ASKED WHY IT HAS TAKEN SO LONG TO BEGIN REMEDIAL ACTION.

EPA RESPONSE: EPA CANNOT TAKE ACTION AT A HAZARDOUS WASTE SITE UNTIL IT
HAS COMPLETED A THOROUGH STUDY OF THE SITE AND KNOWS WHAT CONTAMINANTS
ARE PRESENT MUST BE GATHERED AND FACTORED INTO A CAREFUL AND INFORMED
DECISION. THE AGENCY HAS RECENTLY COMPLETED THE REMEDIAL DESIGN OF THE
LANDFILL CAP AND IS PREPARED TO BEGIN CONSTRUCTION.

8. ONE COMMENTER ASKED HOW MUCH MONEY HAS BEEN SPENT AT THE SITE WITHOUT
ACCOMPLISHING REMEDIAL ACTIONS THERE.

EPA RESPONSE: ALTHOUGH THE ACTUAL REMEDIAL ACTION HAS NOT BEEN
IMPLEMENTED AT THE SITE, THE STUDIES WERE NECESSARY TO DETERMINE THE
NATURE AND EXTENT OF CONTAMINATION AT THE SITE AND WHICH TECHNOLOGIES
WILL BEST REMEDIATE THE SITE CONTAMINATION. TO DATE, APPROXIMATELY $1.2
MILLION HAVE BEEN EXPENDED FOR LEGAL, TECHNICAL, AND CIVIL INVESTIGATIVE
TASKS ASSOCIATED WITH THE SITE, ALL OF WHICH EPA EXPECTS TO RECOVER FROM
THE (POTENTIALLY) RESPONSIBLE PARTIES. TECHNICAL TASKS COMPLETED
INCLUDE: SITE INSPECTION AND PRELIMINARY ASSESSMENT; OVERSIGHT OF THE
FIRST OPERABLE UNIT FEASIBILITY STUDY; THE FIRST OPERABLE UNIT REMEDIAL
DESIGN; AND THE SECOND OPERABLE UNIT REMEDIAL INVESTIGATION AND
FEASIBILITY STUDY.

E. GENERAL COMMENTS

1. SEVERAL MEETING ATTENDEES ASKED WHAT ROLE DNREC HAS IN THE REMEDIAL
ACTIVITIES AT THE SITE.
EPA RESPONSE: THE ARMY CREEK SITE IS A FEDERAL-LEAD PROJECT. HOWEVER,
DNREC REVIEWS AND COMMENTS ON ALL DOCUMENTS AND IS INVOLVED IN
DETERMINING TECHNICAL DETAILS OF THE PROJECT. EPA HAS BEEN WORKING
CLOSELY WITH THE STATE THROUGHOUT THE PROCESS AND CONSULTS DNREC PRIOR
TO MAKING ANY FINAL DECISIONS.
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2. SEVERAL COMMENTERS ASKED WHAT WILL HAPPEN TO THE POND AFTER THE
GROUNDWATER RECOVERY WELLS ARE SHUT DOWN.

EPA RESPONSE: THE VOLUME OF THE POND WILL LIKELY DECREASE TO ITS
ORIGINAL SIZE DURING THE 1960S, BEFORE THE INSTALLATION OF THE RECOVERY
WELLS. THE ALTERATION OF THE HYDROLOGY MAY ADVERSELY AFFECT THE
ASSOCIATED VEGETATION; HENCE, A PROVISION FOR MANAGEMENT OF THE AREA HAS
BEEN INCLUDED IN THE SELECTED REMEDY. THE AGENCY'S INTENTION IS NOT TO
ARTIFICIALLY MAINTAIN THE WETLANDS, BUT TO ENSURE THAT COMPARABLE
HABITAT VALUES ARE MAINTAINED.

3. ONE COMMENTER ASKED WHETHER EPA ANTICIPATES ENCOUNTERING ANY SURPRISE
CONTAMINANTS AT THE ARMY CREEK SITE.

EPA RESPONSE: THE GROUNDWATER HAS BEEN MONITORED EXTENSIVELY FOR NEARLY
20 YEARS. IT IS UNLIKELY THAT NEW CONTAMINANTS WILL BE DISCOVERED.

4. ONE COMMENTER ASKED FROM WHICH AQUIFER THE RECOVERY WELLS ARE DRAWING
WATER.

EPA RESPONSE: THE RECOVERY WELLS ARE DRAWING WATER FROM THE UPPER
POTOMAC AQUIFER, WHICH IS THE MIDDLE AQUIFER IN THE AREA.

5. SEVERAL COMMENTERS ASKED FROM WHAT SOURCE RESIDENTS IN LLANGOLLEN
ESTATES RECEIVE THEIR WATER.

EPA RESPONSE: LLANGOLLEN ESTATES RESIDENTS GET THEIR WATER FROM THE
ARTESIAN WATER COMPANY, EXCEPT FOR A FEW HOMES THAT HAVE PRIVATE WELLS.
ARTESIAN HAS WELLS IN A VARIETY OF LOCATIONS IN NEW CASTLE COUNTY,
INCLUDING THOSE NEAR THE ARMY CREEK SITE.

6. A COMMENTER ASKED WHEN THE ARMY CREEK SITE HAD BEEN ADDED TO THE
NATIONAL PRIORITIES LIST.

EPA RESPONSE: THE SITE WAS ON THE ORIGINAL LIST PUBLISHED IN SEPTEMBER
1983.

WRITTEN COMMENTS

l.NEW CASTLE COUNTY STATED THAT THERE IS NO BASIS FOR A SECOND OPERABLE
UNIT RECORD OF DECISION. WHEN THE FIRST OPERABLE UNIT WAS ISSUED THERE
WAS NO DISCUSSION OF EMBARKING ON A SECOND OPERABLE UNIT ENCOMPASSING
GROUNDWATER TREATMENT.
EPA RESPONSE: THE DECLARATION SECTION OF THE FIRST OPERABLE UNIT RECORD
OF DECISION, SIGNED SEPTEMBER 30, 1986, STATES, 'SELECTION OF A
TREATMENT ALTERNATIVE FOR THE GROUNDWATER RECOVERY VEIL DISCHARGES HAS
NOT BEEN MADE AT THIS TIME AND WILL BE THE SUBJECT OF A SECOND OPERABLE
UNIT DECISION DOCUMENT IN THE FUTURE.'
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2. NEW CASTLE COUNTY STATED THAT THERE WAS NO SUBSTANTIVE BASIS FOR EPA
REOPENING THE 1986 (FIRST OPERABLE UNIT) ROD.

EPA RESPONSE: THE FIRST OPERABLE UNIT ROD VAS NOT REOPENED.

3. NEW CASTLE COUNTY STATED THAT EPA SHOULD HAVE SET THE IRON COMPLIANCE
LEVEL AT 5,000 UG/L DUE TO TECHNOLOGY-BASED LIMITS.

EPA RESPONSE: THE DELAWARE SURFACE WATER QUALITY STANDARDS ESTABLISH
THAT 1,000 UG/L OF IRON IS PROTECTIVE OF ARMY CREEK'S DESIGNATED USES.
TREATMENT TECHNOLOGY CAPABLE OF ACHIEVING THE REQUIRED CONCENTRATION OF
IRON IS READILY AVAILABLE. A WAIVER OF THE ARAR BASED ON TECHNOLOGICAL
LIMITS IS UNJUSTIFIED.

4. NEW CASTLE COUNTY STATED THAT THE SELECTION PROCESS IS FAULTY. NO
MENTION IS MADE IN THE FOCUSED RI/FS OF THE CLEAN WATER ACT REGULATIONS
THAT EXCLUDE MANMADE IMPOUNDMENTS LIKE ARMY POND FROM THE DEFINITIONS OF
WATERS OF THE UNITED STATES.

EPA RESPONSE: THIS EXCLUSION APPLIES ONLY TO MANMADE BODIES OF VATER
WHICH NEITHER WERE ORIGINALLY CREATED IN WATERS OF THE UNITED STATES NOR
RESULTED FROM THE IMPOUNDMENT OF WATERS OF THE UNITED STATES.

5. NEW CASTLE COUNTY STATED THAT THE FOCUSED RI/FS DID NOT ASSESS
WHETHER A TREATMENT FACILITY CAPABLE OF TREATING THE CONCENTRATION OF
IRON IN THE RECOVERED GROUNDWATER TO 51000 UG/L WOULD BE ADEQUATE.

EPA RESPONSE: THAT SCENARIO WAS EVALUATED AS ALTERNATIVE #2.

6. NEW CASTLE COUNTY STATED THAT THE COUNTY ITSELF DID NOT OPERATE THE
LANDFILL DURING THE RELEVANT PERIODS.

EPA RESPONSE: THE COUNTY OPERATED THE FACILITY THROUGH A CONTRACTUAL
RELATIONSHIP WITH LANDFILL, INC.

7. NEW CASTLE COUNTY STATED THAT IT IS UNCLEAR WHICH COMPONENTS COMPRISE
THE 'SYSTEM' TO BE EVALUATED IN ACCORDANCE WITH OPERABLE UNIT ONE PHASE
II .

EPA RESPONSE: THE LANDFILL CAP AND THE RECOVERY WELL NETWORK.

8. NEW CASTLE COUNTY STATED THAT IT IS UNAWARE OF ANY SURFACE LEACHATE
SEEPS.
EPA RESPONSE: THEY ARE AT THE SOUTHWESTERN EDGE OF THE LANDFILL.

9. NOW CASTLE COUNTY STATED THAT ENGINEERS RETAINED BY THE COUNTY
BELIEVE THAT THE PERFORMANCE STANDARD INCLUDED IN ALTERNATIVE #3 MAY BE
ACHIEVED MORE EFFICIENTLY USING DIFFERENT UNIT PROCESSES THAN THOSE
DESCRIBED.

Copr. (C) West 1996 No claim to orig. U.S. govt. works

WESTLAW



EDR-ID 1000439870 PAGE 41

EPA RESPONSE: MODIFICATIONS RESULTING FROM THE ENGINEERING PROCESS MAY
BE MADE DURING DESIGN AS LONG AS THE PERFORMANCE STANDARD IS ACHIEVED.

10. NOW CASTLE COUNTY STATED THAT IT IS THEIR BELIEF THAT THE WETLAND
MONITORING AND HABITAT MANAGEMENT PLAN, REFERENCED IN THE PROPOSED PLAN,
IS LIMITED TO A TWO-YEAR EVALUATION OF POND AND CREEK WATER LEVELS AND
VEGETATION, AS WELL AS POSSIBLE RESEEDING WITH INDIGENOUS SPECIES SHOULD
PHRAGMITES DOMINATE.

EPA RESPONSE: THE COUNTY IS CORRECT, WITH ONE MINOR MODIFICATION. IN
THE EVENT THAT RE-SEEDING IS REQUIRED WITHIN THE FIRST TWO YEARS
FOLLOWING RECOVERY WELL SHUT DOWN, AN ADDITIONAL THREE YEARS OF
MANAGEMENT WILL BE NECESSARY TO ENSURE THE SUCCESS OF THE MANAGEMENT
ACTIVITIES.

11. A COMMENTER WROTE THAT HE SUPPORTS THE PREFERRED ALTERNATIVE BUT IS
CONCERNED THAT NON-VOLATILE ORGANICS MAY REMAIN IN THE EFFLUENT AND
SUGGESTED THAT A CARBON FILTER BE ADDED TO THE TREATMENT PROCESS.

EPA RESPONSE: BASED ON THE SAMPLING EVENT CONDUCTED DURING THE FOCUSED
RI/FS, IRON IS THE ONLY CONSTITUENT CLEARLY EXCEEDING THE APPLICABLE
NUMERIC WATER QUALITY CRITERIA. THE MONITORING PLAN ASSOCIATED WITH THE
SELECTED ALTERNATIVE WILL GENERATE A SOLID WATER QUALITY DATA BASE. IF
THE RECOVERED GROUNDWATER IS FOUND TO HAVE A PERSISTENT ORGANIC
SUBSTANCE AT A LEVEL THAT IS NOT PROTECTIVE OF THE DESIGNATED USES OF
ARMY CREEK, A COMPLIANCE PROGRAM WILL BE DEVELOPED AND IMPLEMENTED. ALL
OPTIONS AVAILABLE TO MEET THE OBJECTIVE WOULD BE EVALUATED.

12. ONE.COMMENTER ASKED WHAT PRECAUTIONS WOULD BE TAKEN TO ASSURE THAT
ALL POLLUTANTS ARE REMOVED TO DETECTION LEVELS OR BELOW.

EPA RESPONSE: THE PRESENCE OF A POLLUTANT ABOVE ITS TECHNOLOGICAL
DETECTION LIMIT DOES NOT NECESSARILY POSE A RISK TO HUMAN HEALTH OR THE
ENVIRONMENT. THE AGENCY WILL TAKE ACTIONS TO PROTECT THE DESIGNATED
USES OF ARMY CREEK.

13. A COMMENTED ASKED WHAT EPA WAS PROPOSING TO DO ABOUT SEDIMENT AND
SURFACE WATERS.

EPA RESPONSE: ALTHOUGH THE SEDIMENTS ARE DEGRADED, THE RISK ASSESSMENT
FOUND THE SEDIMENTS TO POSE NO UNACCEPTABLE RISK. THE INSTALLATION OF
THE LANDFILL CAP AND TREATMENT OF THE RECOVERED GROUNDWATER PRIOR TO
DISCHARGE IS EXPECTED TO HAVE A POSITIVE EFFECT ON BOTH THE SEDIMENT AND
SURFACE WATER QUALITY. IN TIME, THE REMEDIAL ACTIVITIES UNDERTAKEN WITH
RESPECT TO BOTH OPERABLE UNITS IS EXPECTED TO ACHIEVE A WATER QUALITY
THAT IS PROTECTIVE OF ARMY CREEK'S DESIGNATED USES.

14. A COMMENTER STATED THAT HE THOUGHT THAT THE 5.2 G/DAY FRESHWATER
FISH CONSUMPTION RATE USED IN THE RISK ASSESSMENT WAS LOW.
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EPA RESPONSE: STUDIES CONDUCTED BY DNREC HAVE DOCUMENTED THAT THE
AVERAGE CONSUMPTION RATE OF FRESHWATER FISH BY RECREATIONAL ANGLERS IN
DELAWARE IS 5.2 G/DAY. THE EXPOSURE ASSESSMENT ASSUMES THAT THE AVERAGE
FISHERMAN CATCHES 100 PERCENT OF THE FISH HE CONSUMES IN ARMY CREEK.
COMPARED TO OTHER FISHABLE FRESHWATER WATERWAYS IN THE STATE, ARMY CREEK
IS VERY SMALL, HAS LIMITED ACCESS, AND, ACCORDING TO THE 'STREAM AND
INLAND BAYS FISH SURVEY' (DELAWARE DIVISION OF FISH AND WILDLIFE, 1989),
ARMY CREEK RANKED 13TH OUT OF 14 WITH RESPECT TO NUMBER OF FISH CAUGHT
IN NON-TIDAL STREAMS. USING A HIGHER CONSUMPTION RATE FOR THIS SITE
SPECIFIC STUDY WOULD BE UNREALISTIC.

15. ONE COMMENTER STATED HIS CONCERN THAT CHEMICAL COMPOUNDS MORE TOXIC
THAN IRON MAY BE DISCHARGED INTO THE STREAM IN THE FUTURE.

EPA RESPONSE: GROUNDWATER INVESTIGATIONS HAVE DOCUMENTED THE PRESENCE OF
VARIOUS CHEMICAL CONSTITUENTS UPGRADIENT OF THE RECOVERY WELL NETWORK
THAT ARE NOT CURRENTLY OF CONCERN IN THE CONTEXT OF THIS REMEDIAL
ACTION. GIVEN THIS FACT, THE CHARACTERISTICS OF THE RECOVERED
GROUNDWATER HAVE THE POTENTIAL TO CHANGE. THE PREFERRED ALTERNATIVE
IDENTIFIED IN THE PROPOSED PLAN INCLUDED A (RECOVERED) GROUNDWATER
MONITORING PLAN. THE SELECTED REMEDY GOES ONE STEP FURTHER TO CLARIFY
THAT A COMPLIANCE PLAN WILL BE DEVELOPED AND IMPLEMENTED SHOULD THE
MONITORING REVEAL A PERSISTENT CHANGE IN THE CHARACTER OF THE RECOVERED
GROUNDWATER SUCH THAT THE DISCHARGE IS NO LONGER PROTECTIVE OF THE
DESIGNATED USES OF ARMY CREEK. THE APPLICABLE REQUIREMENTS WITH RESPECT
TO WATER QUALITY WHICH MUST BE ACHIEVED PRIOR TO SURFACE WATER DISCHARGE
ARE CONTAINED IN THE DELAWARE SURFACE WATER QUALITY STANDARDS AS AMENDED
ON FEBRUARY 2, 1990 (REFERRED TO AS DELAWARE AMBIENT WATER QUALITY
CRITERIA IN THE PROPOSED PLAN).

TABLES AND ATTACHMENTS

TABLE 1
SUMMARY OF ANALYTICAL RESULTS FOR SURFACE WATER SAMPLING

ARMY CREEK LANDFILL
NEW CASTLE

CHEMICAL

BIS (2-CHLOROETHYL)
ETHER

1,2-DICHLOROETHANE

PHENOL

CHEMICAL

NO. OF POSITIVE
DETECTIONS/NO.
SAMPLES

3/8

2/8

8/8

RANGE OF CONCENTRATIONS
(UG/L)

***
3.6-7.5

2-5

92-213

* AVERAGE INSTRUMENT
CONCENTRATION DETECTION LIMIT
Copr. (C) West 1996 No claim to orig. U.S. govt. works
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BIS (2-CHLOROETHYL)
ETHER

1,2 -DICHLOROETHANE

PHENOL

CHEMICAL

BIS (2-CHLOROETHYL)
ETHER

1,2-DICHLOROETHANE

PHENOL

CHEMICAL

CADMIUM

CHROMIUM (TOTAL)

IRON

MERCURY

NICKEL

THALLIUM

ZINC

CHEMICAL

CADMIUM

CHROMIUM (TOTAL)

IRON

MERCURY

NICKEL

(UG/L) (UG/L)

3.4 3.6

1.6 2.0

157 50

METHOD DETECTION LIMIT
(UG/L)

10.0

5.0

50.0

NO. OF POSITIVE
DETECTIONS/NO.
SAMPLES

5/8

7/8

7/8

2/8

1/8

1/8

8/8

* * AVERAGE INSTRUMENT
CONCENTRATION DETECTION LIMIT
(UG/L) (UG/L)

25 10.0

84 50.0

1,549 500

0.13 0.2

62 100
Copr. (C) West 1996 No claim to orig. U.S. govt. works

RANGE OF CONCENTRATIONS
(UG/L)

34 - 38

57 - 150

980 - 2 ,860

0 . 2

150

610

25 - 640
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THALLIUM

ZINC

CHEMICAL

CADMIUM

CHROMIUM (TOTAL)

IRON

MERCURY

NICKEL

THALLIUM

ZINC

295

167

METHOD DETECTION LIMIT
(UG/L)

10.0

50.0

500

0.2

100

500

10.0

500

10 . 0

CONCENTRATIONS IN LAB ANALYSES LABELLED AS ESTIMATED, 'J'
ASSUMED TO EQUAL LISTED CONCENTRATIONS.

WERE

** VALUES OF 1/2 OF THE INSTRUMENT DETECTION LIMITS WERE USED FOR THE
VALUES OF THE NONDETECTED RESULTS IN CALCULATION OF AVERAGES.

*** EACH DETECTION IDENTIFIED BELOW THE METHOD DETECTION LIMIT;
THEREFORE, CONCENTRATIONS GIVEN ARE APPROXIMATE VALUES.

NOTE: SURFACE WATER WAS ANALYZED FOR TAL AND TCL; ONLY POSITIVE
DETECTIONS REPORTED IN SUMMARY TABLE.

TABLE 2
SUMMARY OF ANALYTICAL RESULTS FOR RECOVERY WELL DISCHARGE

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

CHEMICAL

BENZENE

BIS (2-CHLOROETHYL)
ETHER

ORGANIC CONTAMINANTS

NO. OF POSITIVE * RANGE OF
DETECTIONS/ NO. OF CONCENTRATIONS
SAMPLES (UG/L)

4/9 14-18

7/9 5-21

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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BIS (2-ETHYLHEXYL)
PHTHALATE

CHLOROBENZENE

CHLOROFORM

1,4 -DICHLOROBENZENE

1,2-DICHLOROETHANE

ETHYLBENZENE

TETRACHLOROETHENE

TOLUENE

TRICHLOROETHENE

TOTAL XYLENES

CHEMICAL

BENZENE

BIS (2-CHLOROETHYL)
ETHER

BIS (2-ETHYLHEXYL)
PHTHALATE

CHLOROBENZENE

CHLOROFORM

1,4-DICHLOROBENZENE

1,2-DICHLOROETHANE

ETHYLBENZENE

TETRACHLOROETHENE

TOLUENE

TRICHLOROETHENE

1/9

3/9

1/9

1/9

2/9

2/9

1/9

1/9

1/9

2/9

3

3-18

6

6

22-50

4

2

19

2

7-10

** FLOW INSTRUMENT
WEIGHTED AVERAGE DETECTION
CONT. (UG/L)

(UG/L)

8.0 5

11.0

1
4

2

3

8

2

1

4

1

.8

.0

.8

.6

.4

.6

.1

.2

.1

3

3

5

6

5

4

2

5

2

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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TOTAL XYLENES 4.4 5

CHEMICAL METHOD DETECTION LIMIT
(UG/L)

BENZENE 5

BIS (2-CHLOROETHYL)
ETHER 10

BIS (2-ETHYLHEXYL)
PHTHALATE 10

CHLOROBENZENE 5

CHLOROFORM 5

1,4-DICHLOROBENZENE 10

1,2-DICHLOROETHANE 5

ETHYLBENZENE 5

TETRACHLOROETHENE 5

TOLUENE 5

TRICHLOROETHENE 5

TOTAL XYLENES 5

* (1) WHERE DUPLICATE SAMPLES WERE TAKEN, THE HIGHER CONCENTRATION WAS
USED.

(2) CONCENTRATION IN LAB ANALYSES LABELLED AS ESTIMATED, 'J', WERE
ASSUMED TO EQUAL THE LISTED CONCENTRATION.

** VALUES OF 1/2 OF THE INSTRUCTION DETECTION LIMITS WERE USED FOR THE
VALUES OF THE NONDETECTED RESULTS IN CALCULATION OF AVERAGES.

NOTE: DISCHARGES WERE ANALYZED FOR TARGET COMPOUND LIST (TCL); ONLY
POSITIVE DETECTIONS REPORTED ON SUMMARY TABLE.

TABLE 3
SUMMARY OF ANALYTICAL RESULTS FOR RECOVERY WELL DISCHARGE

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

TOTAL INORGANIC CONTAMINANTS

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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CHEMICAL

PAGE 4 7

NO. OF POSITIVE * RANGE OF
DETECTIONS/ NO. OF CONCENTRATIONS

ALUMINUM

ARSENIC

BARIUM

CALCIUM

COBALT

IRON

MAGNESIUM

MANGANESE

POTASSIUM

SELENIUM

SODIUM

CHEMICAL

ALUMINUM

ARSENIC

BARIUM

CALCIUM

COBALT

IRON

MAGNESIUM

MANGANESE

POTASSIUM

SELENIUM

SAMPLES (UG/L)

1/9 132.0

1/9 2.7

9/9 74.5-377.0

9/9 8,760-18,800

3/9 22.7-36.9

9/9 488-34,300

9/9 3,630-13,600

9/9 249-2,710

9/9 1,940-17,000

2/9 1.4-1.5

9/9 9,690-80,600

** FLOW INSTRUMENT
WEIGHTED AVERAGE DETECTION
CONT. (UG/L)

(UG/L)

29.6 12.0

1.0 1.8

184 1.2

11,470 17.1

11.8 2.7

12,400 8.6

6,670 24.3

945 1.5

6,770 407.8

0.8 1.4
Copr. (C) West 1996 No claim to orig. U.S. govt. works
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SODIUM 26,840 21.8

* CONCENTRATION IN LAB ANALYSES LABELLED AS ESTIMATED, 'J', WERE ASSUMED
TO EQUAL THE LISTED CONCENTRATION.

** VALUES OF 1/2 OF THE INSTRUMENT DETECTION LIMITS WERE USED FOR THE
VALUES OF THE NONDETECTED RESULTS IN CALCULATION OF AVERAGES.

NOTE: DISCHARGES WERE ANALYZED FOR TARGET COMPOUND LIST (TAL); ONLY
POSITIVE DETECTIONS REPORTED ON SUMMARY TABLE.

TABLE 4

CHEMICALS FOUND TO EXCEED DELAWARE SURFACE WATER
QUALITY STANDARDS AS AMENDED ON FEBRUARY 2, 1990 (DSWQS)

IN THE ARMY CREEK/POND

CHEMICAL * RANGE OF ** AVERAGE
CONCENTRATIONS CONCENTRATION

(UG/L) (UG/L)

FROM RECOVERY WELL DISCHARGE

IRON 488-34,300 12,400

BIS (2-CHLOROETHYL) ETHER ND-21 11

CHEMICAL DELAWARE SURFACE WATER
QUALITY CRITERION

HUMAN HEALTH/FISH CONSUMPTION
(UG/L)

FROM RECOVERY WELL DISCHARGE

IRON NA

BIS (2-CHLOROETHYL) ETHER 1.77

CHEMICAL DELAWARE SURFACE WATER QUALITY
CRITERION FOR PROTECTION OF FRESHWATER
AQUATIC LIFE

FROM RECOVERY WELL DISCHARGE

ACUTE TOXICITY CHRONIC TOXICITY

IRON NA 1,000

Copr. (C) West 1996 No claim to orig. U.S. govt. works

WESTLAW



EDR-ID 1000439870

BIS (2-CHLOROETHYL) ETHER

PAGE 4 9

NA NA

* CONCENTRATIONS IN LAB ANALYSES LABELLED AS ESTIMATED, 'J', WERE
ASSUMED TO EQUAL LISTED CONCENTRATIONS.

** VALUES OF 1/2 OF THE INSTRUMENT DETECTION LIMITS WERE USED FOR THE
VALUES OF THE NONDETECTED RESULTS IN CALCULATION OF AVERAGES. AVERAGE
CONCENTRATION IN RECOVERY WELL DISCHARGE IS FLOW WEIGHTED.

ND NOT DETECTED

NA NOT APPLICABLE

NOTE: RECOVERY WELL DISCHARGES AND SURFACE WATER WERE ANALYZED FOR TOTAL
ANALYTE LIST AND TARGET COMPOUND LIST. ONLY CONSTITUENTS WHICH MAY
EXCEED OR MAY CONTRIBUTE TO AN EXCURSION OF THE DSWQS ARE IDENTIFIED.

CHEMICAL

FROM SURFACE WATER

CADMIUM

CHROMIUM (TOTAL)

IRON

MERCURY

ZINC

BIS (2-CHLOROETHYL) ETHER

CHEMICAL

FROM SURFACE WATER

CADMIUM

CHROMIUM (TOTAL)

IRON

MERCURY

ZINC

* RANGE OF ** AVERAGE
CONCENTRATIONS CONCENTRATION

(UG/L)

34-38

57-150

980-2,860

ND-0.2

25-640

ND-7.5

(UG/L)

25

84

1, 549

0.13

167

3 .4

DELAWARE SURFACE WATER QUALITY
CRITERION FOR PROTECTION OF FRESHWATER
AQUATIC LIFE

840,000 (TRIVALENT)

4,200 (HEXAVALENT)

NA

7.1

NA
Copr. (C) West 1996 No claim to orig. U.S. govt. works
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BIS (2-CHLOROETHYL) ETHER

CHEMICAL

FROM SURFACE WATER

CADMIUM

CHROMIUM (TOTAL)

IRON

MERCURY

ZINC

BIS (2-CHLOROETHYL) ETHER

1.77

DELAWARE SURFACE WATER QUALITY
CRITERION FOR PROTECTION OF FRESHWATER
AQUATIC LIFE

ACUTE TOXICITY

3.9 (A)

1,737 (A)
16 (HEX)

NA 1,000

2.4 0.012

117 (A)

NA

CHRONIC TOXICITY

1.1 (A)

207 (A)
11 (HEX)

106 (A)

NA

WERE* CONCENTRATIONS IN LAB ANALYSES LABELLED AS ESTIMATED, 'J;
ASSUMED TO EQUAL LISTED CONCENTRATIONS.

** VALUES OF 1/2 OF THE INSTRUMENT DETECTION LIMITS WERE USED FOR THE
VALUES OF THE NONDETECTED RESULTS IN CALCULATION OF AVERAGES. AVERAGE
CONCENTRATION IN RECOVERY WELL DISCHARGE IS FLOW WEIGHTED.

(A) HARDNESS DEPENDENT CRITERION (100 MG/L USED)

ND NOT DETECTED

NA NOT AVAILABLE

NOTE: RECOVERY WELL DISCHARGES AND SURFACE WATER WERE ANALYZED FOR TOTAL
ANALYTE LIST AND TARGET COMPOUND LIST. ONLY CONSTITUENTS WHICH MAY
EXCEED OR MAY CONTRIBUTE TO AN EXCURSION OF THE DSWQS ARE IDENTIFIED.

TABLE 5

SUMMARY OF ANALYTICAL RESULTS FOR PREVIOUS SEDIMENT SAMPLING
ARMY CREEK LANDFILL

NEW CASTLE, DELAWARE

ORGANIC CONTAMINANTS

CHEMICAL NO. OF POSITIVE * RANGE OF
Copr. (C) West 1996 No claim to orig. U.S. govt. works
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DETECTIONS/ NO. OF CONCENTRATIONS

ACENAPHTHENE

ACETONE

ANTHRACENE

BENZO (A) ANTHRACENE

BENZO (A) PYRENE

BENZO (B) FLUORANTHENE

BENZO (G, H, I) PERYLENE

BENZO (K) FLUORANTHENE

2-BUTANONE

CHRYSENE
DI-N-BUTYLPHTHALATE

FLUORANTHENE

FLUORENE

INDENO (1,2,3-CD)
PYRENE

4-METHYLPHENOL

PHENANATHRENE

PHENOL

PYRENE

TOLUENE

TOTAL XYLENES

CHEMICAL

ACENAPHTHENE

ACETONE

SAMPLES

1/8

8/8 0.025-0.719

2/8 0.180-0.339

3/8

4/8

4/8

3/8 0.165-0.715

2/8 0.446-0.786

5/8 0.004-0.029

4/8
7/8

4/8

1/8

3/8

1/8

3/8

2/8

4/8

2/8

1/8

0.182-0.808

0.009-0.033

** AVERAGE
CONCENTRATION

(MG/L)

0 . 0 9 2

0 .254

(UG/L)

0.165

0.258-1 .25

0 .239-1 .07

0.203-1.33

0 .274-1 .58
0.236-1.08

0.331-1.62

0.161

0.139

0.402-1.71

1.20-1.80

0 . 3 0 2 - 3 . 2 0

21

INSTRUMENT
DETECTION
(MG/L)

0.165

0.010
Copr. (C) West 1996 No claim to orig. U.S. govt. works
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ANTHRACENE

BENZO (A) ANTHRACENE

BENZO (A) PYRENE

BENZO (B) FLUORANTHENE

BENZO (G, H, I) PERYLENE

BENZO (K) FLUORANTHENE

2-BUTANONE

CHRYSENE

DI-N-BUTYLPHTHALATE

FLUORANTHENE
FLUORENE

INDENO (1,2,3-CD)
PYRENE

4-METHYLPHENOL

PHENANATHRENE

PHENOL

PYRENE

TOLUENE

TOTAL XYLENES

CHEMICAL

0.132

0 .344

0.316

0 .382

0 . 2 0 2

0 .278

0 . 0 0 9

0 .453

0.489

0.556
0 . 0 9 0

0 . 2 2 9

0 .079

0 .478

0.693

0.714

0 . 0 0 7

0 . 0 0 5

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

.180

.258

.239

.203

.165

.330

. 0 0 4

.274

.330

.330

.161

.182

.139

.330

.848

.302

.005

.005

TABLE 5 (CONTINUED)

NO. OF POSITIVE * RANGE OF
DETECTIONS/ NO. OF CONCENTRATIONS
SAMPLES (UG/L)

ARSENIC

CHROMIUM

COPPER

IRON

7/8

6/8

6/8

8/8 1, 830-68, 80C

1.1-6

8.3-45

11.3-43

)

.9

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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LEAD

MERCURY

NICKEL

ZINC

CHEMICAL

ARSENIC

CHROMIUM
COPPER

IRON

LEAD

MERCURY

NICKEL

ZINC

7/8

8/8

5/8

8/8

** AVERAGE
CONCENTRATION

(MG/L)

2.91

19.4
21.3

22,205

49.6

0.071

13 .5

106.7

0.0459-0.119

6-97.8

9.9-26.4

16.4-273

INSTRUMENT
DETECTION
(MG/L)

0.95

5.0
5.0

50.0

0.49

0.01

9.9

10.0

* CONCENTRATIONS IN LAB ANALYSES LABELLED AS ESTIMATED, 'J'
ASSUMED TO EQUAL LISTED CONCENTRATIONS.

WERE

** VALUES OF 1/2 OF THE INSTRUMENT DETECTION LIMITS WERE USED FOR THE
VALUES OF THE NONDETECTED RESULTS IN CALCULATION OF AVERAGES. AVERAGE
CONCENTRATION IN RECOVERY WELL DISCHARGE IS FLOW WEIGHTED.

NOTE: SEDIMENTS WERE ANALYZED FOR BOTH THE TARGET ANALYTE LIST AND THE
TARGET COMPOUND LIST; ONLY POSITIVE DETECTIONS REPORTED IN SUMMARY
TABLE.

TABLE 6

RANGES AND AVERAGES OF METALS
IN UNCONTAMINATED SOIL

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

CHEMICAL RANGE OF AVERAGE
CONCENTRATIONS CONCENTRATIONS

(MG/KG) (MG/KG)
Copr. (C) West 1996 No claim to orig. U.S. govt. works
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1-50

1-1000

2-100

10-200

0.01-0.3

5-500

10-300

COMMENTS

USUALLY 10 PPM OR LESS

100

30

10

0.03

100

50

ARSENIC

CHROMIUM

COPPER

IRON

LEAD

MERCURY

NICKEL

ZINC

CHEMICAL

ARSENIC

CHROMIUM

COPPER

IRON

LEAD

MERCURY

NICKEL

ZINC

---- NO INFORMATION GIVEN IN BROWN AND ASSOCIATES (1983)

TABLE 7

DOSE-RESPONSE PARAMETERS FOR INDICATOR CHEMICALS
ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

NO INFORMATION GIVEN

CHEMICAL

ARSENIC

CHRONIC REFERENCE
DOSE

MG/KG/DAY
ORAL INHL

0.001

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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CADMIUM

PAGE 55

0.005
(WATER)

0.001
(FOOD)

CHROMIUM
(TRIVALENT OR TOTAL) 1.0

III

IRON

LEAD

MERCURY

NICKEL

ZINC

CHEMICAL

ARSENIC

CADMIUM

CHROMIUM

IRON

LEAD

MERCURY

NICKEL

ZINC

CHEMICAL

ARSENIC

CADMIUM

CHROMIUM

IRON

1.4E-3 4.3E-4

3E-4

0.02

0.2

CARCINOGENIC POTENCY FACTOR
1/MG/KG/DAY

ORAL * INHL

50

6.1

0 .84
(DUST)

** EPA WEIGHT OF EVIDENCE
CARCINOGENIC CLASSIFICATION

A (1,0)

Bl (I)

A (I)

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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LEAD

MERCURY

NICKEL

ZINC

B2 (1,0)

B2 (1,0)

A (I)

TABLE 8
SUMMARY OF TOTAL POTENTIAL CARCINOGENIC RISKS

MEDIA - GROUNDWATER RECOVERY WELL DISCHARGES

SCENARIO - INADVERTENT INGESTION

AGE GROUP EXPOSED
CHILDREN
6-11 YRS

ADULTS
70-YR LIFE SPAN

1.2 X 10E-8 5.3 X 10E-9

SCENARIO - INHALATION OF ORGANICS LEAVING GROUNDWATER

AGE GROUP EXPOSED
CHILDREN
6-11 YRS

7.2 X 10E-7

SCENARIO - DERMAL ABSORPTION

ADULTS
70-YR LIFE SPAN

3.1 X 10E-7

AGE GROUP EXPOSED
CHILDREN
6-11 YRS

9.7 X 10E-7

MEDIA - SEDIMENT *

SCENARIO * - INADVERTENT INGESTION

ADULTS
70-YR LIFE SPAN

9.2 X 10E-7

AGE GROUP EXPOSED
CHILDREN
6-11 YRS

4.1 X 10E-9

ADULTS
70-YR LIFE SPAN

1.7 X 10E-9

MEDIA - SURFACE WATER *

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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SCENARIO - INADVERTENT INGESTION
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AGE GROUP EXPOSED
CHILDREN
6-11 YRS

ADULTS
70-YR LIFE SPAN

6.5 X 10E-9 2.9 X 10E-9

SCENARIO - INHALATION OF ORGANICS LEAVING SURFACE WATER

AGE GROUP EXPOSED
CHILDREN
6-11 YRS

1.8 X 10E-7

SCENARIO - DERMAL ABSORPTION

CHILDREN
6-11 YRS

6.0 X 10E-8

ADULTS
70-YR LIFE SPAN

7.6 X 10E-9

ADULTS
70-YR LIFE SPAN

5.7 X 10E-7

MEDIA - FISH **

SCENARIO - INGESTION

CHILDREN
6-11 YRS

NC

ADULTS
70-YR LIFE SPAN

7.7 X 10E-7

* SEDIMENT AND SURFACE WATER RISKS WERE CALCULATED USING THE HIGHEST
POLLUTANT CONCENTRATIONS DETECTED DURING SAMPLING.

** ESTIMATED USING CALCULATED AVERAGE POLLUTANT CONCENTRATION DURING
SAMPLING, ACCEPTED BIOCONCENTRATION FACTOR AND 5.2 G/DAY CONSUMPTION
RATE.

NC THESE VALUES COULD NOT BE CALCULATED DUE TO A LACK OF SUFFICIENT
INFORMATION REGARDING FRESH FISH CONSUMPTION FOR CHILDREN 6-11 YEARS
OLD.

TABLE 9

SUMMARY OF TOTAL POTENTIAL NON-CARCINOGEN1C
HAZARD INDICES

MEDIA SCENARIO

Copr. (C) West 1996 No claim to orig. U.S. govt. works
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GROUNDWATER RECOVERY
WELL DISCHARGES

SEDIMENT *

SURFACE WATER *

FISH **

PAGE 5 8

INADVERTENT INGESTION

INADVERTENT INGESTION

INADVERTENT INGESTION

INGESTION

AGE GROUP EXPOSED
CHILDREN ADULTS
6-11 YRS 70-YR LIFE SPAN

GROUNDWATER RECOVERY
WELL DISCHARGES

SEDIMENT *

SURFACE WATER *

FISH **

.000015

.00036

.0008

NC

.0000013

.000031

.00069

.0048

* SEDIMENT AND SURFACE WATER RISKS WERE CALCULATED USING THE HIGHEST
POLLUTANT CONCENTRATIONS DETECTED DURING SAMPLING.

NC THESE VALUES COULD NOT BE CALCULATED DUE TO A LACK OF SUFFICIENT
INFORMATION REGARDING AVERAGE FRESH FISH CONSUMPTION FOR CHILDREN 6-11
YEARS OLD.

IF THE HAZARD INDEX EXCEEDS 1.0, THERE IS A POTENTIAL HEALTH HAZARD
ASSOCIATED WITH EXPOSURE TO THE MEDIUM.

TABLE 10

NINE EVALUATION CRITERIA

1. OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT ADDRESSES
WHETHER OR NOT A REMEDY PROVIDES ADEQUATE PROTECTION AND DESCRIBES
HOW RISKS POSED THROUGH EACH PATHWAY ARE ELIMINATED, REDUCED OR
CONTROLLED THROUGH TREATMENT OR ENGINEERING.

2. COMPLIANCE WITH ARARS: WHETHER OR NOT A REMEDY WILL MEET ALL
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) OF
FEDERAL AND STATE ENVIRONMENTAL STATUTES AND/OR PROVIDES GROUNDS FOR
INVOKING A WAIVER. WHETHER OR NOT THE REMEDY COMPLIES WITH
ADVISORIES, CRITERIA AND GUIDANCE THAT EPA AND DNREC HAVE AGREED TO
FOLLOW.

3. LONG-TERM EFFECTIVENESS AND PERMANENCE REFERS TO THE ABILITY OF A
REMEDY TO MAINTAIN RELIABLE PROTECTION OF HUMAN HEALTH AND THE
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ENVIRONMENT OVER TIME ONCE CLEANUP GOALS HAVE BEEN MET.

4. REDUCTION OF TOXICITY, MOBILITY OR VOLUME IS THE ANTICIPATED
PERFORMANCE OF THE TREATMENT TECHNOLOGIES A REMEDY MAY EMPLOY.

5. SHORT-TERM EFFECTIVENESS ADDRESSES THE PERIOD OF TIME NEEDED TO
ACHIEVE THE PROTECTION, AND ANY ADVERSE IMPACTS ON HUMAN HEALTH AND
THE ENVIRONMENT THAT MAY BE POSED DURING THE CONSTRUCTION AND
IMPLEMENTATION PERIOD UNTIL CLEANUP GOALS ARE ACHIEVED.

6. IMPLEMENTABILITY IS THE TECHNICAL AND ADMINISTRATIVE FEASIBILITY OF
A REMEDY, INCLUDING THE AVAILABILITY OF MATERIALS AND SERVICES
NEEDED TO IMPLEMENT A PARTICULAR OPTION.

7. COST INCLUDES ESTIMATED CAPITAL, OPERATION AND MAINTENANCE, AND NET
PRESENT WORTH COSTS.

8. STATE ACCEPTANCE INDICATES WHETHER, BASED ON ITS REVIEW OF THE RI/FS
AND PROPOSED PLAN, THE STATE CONCURS WITH, OPPOSES, OR HAS NO
COMMENT ON THE IDENTIFIED PREFERRED ALTERNATIVE.

9. COMMUNITY ACCEPTANCE INDICATES WHETHER, BASED ON ITS REVIEW OF THE
RI/FS AND PROPOSED PLAN, THE COMMUNITY CONCURS WITH, OPPOSES, OR HAS
NO COMMENT ON THE PREVIOUSLY IDENTIFIED PREFERRED ALTERNATIVE.
COMMUNITY COMMENTS AND THE AGENCY'S RESPONSES HAVE BEEN INCLUDED IN
THE RESPONSIVENESS SUMMARY.
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